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JANUARY  1873. 

I.  Electro  dynamic  Measurements.  By  Professor  Wilhelm 
Weber. — Sixth  Memoir^  relating  specially  to  the  Principle  of 
the  Conservation  of  Energy*. 

THE  law  of  electrical  action  announced  in  the  First  Memoir 
on  Electrodynamic  Measurements  {Elektrodynamische 
Maassbestimmungen,  Leipzig,  1846)  has  been  tested  on  various 
sides  and  been  modified  in  many  ways.  It  has  also  been  made 
the  subject  of  observations  and  speculations  of  a  more  general 
kind;  these,  however,  cannot  by  any  means  be  regarded  as  having 
as  yet  led  to  definite  conclusions.  The  First  Part  of  the  follow- 
ing Memoir  is  limited  to  a  discussion  of  the  relation  which  this 
law  bears  to  the  Principle  of  the  Conservation  of  Energy,  the 
great  importawce  and  high  significance  of  which  have  been 
brouglit  specially  into  prominence  in  connexion  with  the  Mecha- 
nical Theory  of  Heat.  In  consequence  of  its  having  been  asserted 
that  the  law  referred  to  is  ni  contradiction  with  this  principle, 
an  endeavour  is  here  made  to  show  that  no  such  contradiction 
exists.  On  the  contrary,  the  law  enables  us  to  make  an  addition 
to  the  Principle  of  the  Conservation  of  Energy,  and  to  alter  it 
so  that  its  application  to  each  pair  of  particles  is  no  longer 
limited  solely  to  the  time  during  which  the  pair  does  not  undergo 
either  increase  or  diminution  of  vis  viva  through  the  action  of 
other  bodies,  but  always  holds  good  independently  of  the  mani- 
fold relations  to  other  bodies  into  which  the  two  particles 
can  enter. 

Eesidcs  this,  in  tlie  Second  Part  the  law  is  applied  to  the  de- 

*  Translated  by  Pi'ofossor  G.  C.  Fostci-,  F.R.S.,  from  the  Ahhandhmgen 
der  muthem.-phys.  Classe  der  Koniyl.  Sdchsischen  Gesellschafi  der  Wis- 
senscJwften,  vol.  x.  (January  18/1). 
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velopuicnt  of  the  cquatiuns  oj  motion  of  tiro  electrical  particles 
subjected  only  to  their  mutual  action.  Albeit  this  development 
does  not  lead  dircetly  to  any  comparisons  or  exact  control  by 
reference  to  existing  experience  (on  which  account  it  has  hitherto 
received  little  attention),  it  nevertheless  leads  to  various  results 
whicli  ap])car  to  be  of  importance  as  furnishing  clues  for  the  in- 
vestigation of  the  molecular  conditions  and  motions  of  bodies 
which  have  acquired  such  special  significance  in  relation  to  Che- 
mistry and  the  theory  of  Heat,  and  to  offer  to  further  investiga- 
tion interesting  relations  in  these  still  obscure  resrions. 


On  the  Relation  between  the  Laws  of  Electricity  and 

THE  Principle  op  the  Conservation  op  Energy. 

1.  Electrical  Particles  and  Electj'ical  Masses. 

Particles  of  positive  and  of  negative  electricity  are  denoted  by 
the  same  letters,  for  instance  by  e  or  e'  S:c.,  but  a  positive  or  a 
negative  value  is  assigned  to  e  or  e' . . .  according  to  whether  it 
represents  a  particle  of  the  positive  or  of  the  negative  fluid. 

If  the  measurable  force  of  repulsion  exerted  by  the  first  par- 
ticle e  upon  another  exactly  equal  particle  e  at  the  constant 
measurable  distance  r  be  denoted  by/,  and  also  the  measurable 
force  of  repulsion  exerted  by  the  second  particle  e'  upon  another 
exactly  equal  particle  e',  at  the  same  distance  r,  be  denoted  by 
f,  then  +r\/f  is  taken  as  the  measure  of  e,  and  +?'\//'  as  the 
measure  of  e',  where  the  upper  or  the  lower  sign  is  to  be  taken 
according  to  whether  the  particle  is  a  particle  of  positive  or  of 
negative  fluid.  The  unit  of  force  which  is  here  adopted  for  the 
measurement  of /and /'  is  the  unit  recognized  in  Mechanics, 
namely  the  force  which,  when  it  acts  upon  the  unit  of  mass  re- 
cognized in  Mechanics  (1  milh'gramme),  imparts  to  this  mass 
unit  of  velocity  in  unit  of  time.  The  repulsive  force"of  the  two 
particles  e,  c',  so  long  as  their  distance  r  remains  unchanged,  is, 
in  acccordance  with  the  eleetrostatical  law, 

rr 
A  negative  value  of  this  expression  denotes  attractive  force. 

In  this  mode  of  denoting  particles  of  the  electric  fluids,  how- 
ever, e,e'  have  not  the  signification  of  masses  in  the  mechanical 
sense,  as  appears  from  the  simple  consideration  that  e,  e'  may 
have  at  one  time  p(,sitive  and  at  another  time  negative  values; 
but  nevcrtlu'less  the  values  of  e,  e'  are  closely  related  to  the 
masses  of  tlu;  particles.  For  if  we  denote  the  masses  of  the  par- 
ticles e,  e'  (in  tin;  mechanical  sense,  according  to  which  the  unit 
of  mass  [1  milligramme]  is  determined  by  the  mass  oi  one  pon- 
derable body,  and  different  masses  arc  compared  with  each  other 
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in  proportion  to  the  reciprocals  of  tlie  accelerations  produced  in 
them  by  the  same  force)  by  e,  e',  of  which  the  values  are  always 
positive,  we  get  for  positive  values  of  e,  e\ 
e      ^ 

=  -?=«; 

e      e 
and  for  negative  values  of  e,  e', 

e  _  e'  _ 

e  e'  ' 
where  a  has  a  definite  positive  and  b  a  definite  negative  value. 
Whether  or  not  we  have  here  aa  —  hb,  or  what  ratio  aa  bears  to 
bb,  has  not  as  yet  been  made  out,  any  more  than  the  numerical 
value  of  a  or  b.  In  many  cases  the  electrical  mass  e  is  connected 
with  a  ponderable  mass  m,  so  that  it  is  impossible  for  it  to  be 
moved  independently  of  it ;  in  such  cases,  only  the  combined 
mass  m  +  e  comes  into  account,  and  in  general  e  may  be  regarded 
as  vanishingly  small  in  comparison  with  m.  Consequently  it  is 
only  seldom  that  the  masses  e,  e'  have  to  be  considered. 

The  distinction  here  indicated  between  the  particles  e,  e'  and 
their  masses  e,  e'  is  not  always  made ;  on  the  contrary,  the  sym- 
bols of  the  particles  e,  d  are  also  used  to  denote  the  correspond- 
ing masses.  It  is,  however,  to  be  observed  that,  when  this  is 
done,  no  regard  can  be  had  to  the  signs  of  e,  e'.  The  omission 
of  the  unknown  factors  a  and  b  is  always  allowable  when  we  are 
dealing  only  with  the  relative  values  of  masses  of  positive  or  of 
negative  electricity. 

2.   The  Law  of  Electrical  Force. 
The  Law  of  Electrical  Force  is  thus  stated  in  'Electrodynamic 
Measurements/  (Leipzig,  1846,  p.  119: — 

If  e  and  e'  denote  two  electrical  particles,  the  repulsive 
force  exerted  by  the  two  particles  on  each  other  at  the 
distance  r  is  represented  by 

rr  \         cc  dt^  "^  cc  cW  )' 

4, 
where  c  is  the  constant  denoted  at  the  place  quoted  by  -. 

But  this  expression  for  the  force  which  the  particles  e  and  e' 
mutually  exert  upon  each  other,  it  is  easy  to  see,  is  dependent 
on  a  magnitude  which  contains  as  a  factor  the  very  force  that  is 
to  be  determined.  This  is  readily  seen  when  the  relative  accelera- 
tion of  the  two  particles,  namely  -j^,  is  broken  up  into  two  parts, 

thus, 

ddr^  _  iW_      cldr^ 
dt^  ~  dt^  ^   dt^"' 
B2 
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dt 


where  the  first  part,  —rj,  is  the  relative  acceleration  due  to  the  mu- 


dd^ 


,Ji 


tual  action  of  the  two  particles,  and  the  second  part,  -t-^,  is  the  ac- 
celeration due  to  other  causes  (namely  to  the  acquired  velocity  of 
the  particles  pcrpi-ndicular  to  r,  and  to  the  mutual  action  between 
them  and  other  bodies).  The  first  part,  however,  or  that  due  to 
the  mutual  action  of  the  two  particles,  is  proportional  to  the 
force  arising  from  this  mutual  action,  and  is  represented  by  the 
quotient  of  this  force  by  the  mass  upon  which  it  acts. 

Hence  there  easily  follows,  as  was  shown  in  the  memoir 
already  quoted  (page  168),  another  expression  for  the  force  which 
the  particles  e  and  ^  mutually  exert  upon  each  other,  containing 
only  terms  which  are  independent  of  the  force  to  be  determined, 
namely  the  expression 

ee'  f        JL'^V^ 

2/-  ,        ,,   \        cc  dl^       cc  / 

rr (<?  +  <?') 


cc 


ddr" 
(in  which  /  is  put  for  --n^),  or,  if  the  electrical  particles  e  and  e' 

are  distinguished  from  their  masses  e  and  e*  in  accordance  with 
the  previous  section  (a  distinction  which  was  not  made  in  the 
memoir  quoted  above),  the  expression 


,  \        cc  dr       cc  / 


From  this  it  results  that  the  law  of  electrical  force  is  by  no 
means  so  simple  as  we  expect  a  fundamental  law  to  be;  on  the 
contrary,  it  appears  in  two  respects  to  be  particularly  complex. 

In  the  first  place,  it  is  a  consequence  of  this  expression  for  the 
force,  that,  as  was  pointed  out  in  the  memoir  referred  to,  the 
force  which  two  electrical  particles  exert  npon  each  other  does 
not  depend  exclusively  upon  these  particles  themselves,  but  also 
upon  the  portion  of  their  relative  acceleration  denoted  by  /, 
which  is  in  part  due  to  the  action  of  other  bodies.  It  was  also 
pointed  out  that,  inasmuch  as  the  forces  exerted  by  two  bodies 
upon  each  other  have  been  called  by  IJerzclius  catalijlic  forrcsi 
wlien  they  depend  npon  the  presence  of  a  third  body,  electrical 
forces  considered  generally  are,  in  this  sense,  catalytic  forces. 

In  the  second  place,  anotiier  noteworthy  result  follows  iVom 
this  exjjression  for  the  force — namely,  that  when  the  particles  e 
and  e'  arc  of  tiie  !«ame  kind,  they  do  not  htj  any  means  always 
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dr"^ 
repel  each  other ;  thus  when  ^  <  ^c  +  2r/,  they  repel  only  so  long 

2  e  +  e' 
as  r  >  —  — -J-  ee',  and^  on  the  contrary,  they  attract  when 

r  < j-e^. 

cc     ee 

An  exception  to  this  rule  occurs  only  in  the  case  in  which 

(e  +  e'  ee^  \ 
r—2- — , ],  which  is  always  a  factor  of  the  denominator, 

becomes  likewise  a  factor  of  the  numerator.     This  case  occurs 
when    the   two    electrical    particles    are    at  permanent   relative 

rest,  so  that  -71  =0  and  -j-^  =0. 

The  general  expression  for  the  force  given  above  becomes  in 
fact 

e^  /i       2/-  A 


'\      ~    ee'    cc) 


when  -r  =0:  and  by  dividin"-  this  bv  the  mass  — ^^ — -„  we  find  the 
dt        '  •'  °  •  e+e' 

part  of  the  acceleration  which  is  due  to  the  forces  exerted  upon 

each  other  by  the  two  electrical  particles,  namely 


\  ee'      cc  / 


By  adding  to  this  the  other  part  of  the  acceleration,  namely  /, 
which  is  due  to  the  acquired  motion  of  the  particles  at  right 
angles  to  r  and  to  the  action  of  other  bodies,  we  obtain  the  total 
acceleration,  namely 

ddr^_r  re  +  epgfe^  /        2r    \ 

rf/2  ~-^^     ,   /       ^e  +  e'    ee\\:^  cc-^J' 

ee'r   r  — 2 p  •— ) 

\  ee'      cc  J 

which,  when  the  particles  are  at  permanent  relative  rest,  =0. 
Hence  for  permanent  relative  rest  we  have 

._      €  +  ^   ed 
e^      rr 
If  this  value  of/  be  substituted  in  the  expression  for  the  force 

ce' 


\  ee'      cc  J 


Tl-O+IA 
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the  latter  becomes 

e^ 


+  e' 


\  ee'       cc  J 


ce'\    r  \  ee'      cc  J 


Hence  it  appears  that,  in  the  case  of  permanent  relative  rest,  the 

factor  ( ?•  — 2  ^-^^  •  '''^  )  is  common  to  numerator  and  denomi- 
\  ee'      cc  J 

nator.     The  value  of  the  quotient,  which  is  thus  independent  of 

this  factor,  namely  — ,  consequently  gives  the  expression  for  the 

force,  in  the  case  of  permanent  relative  rest,  in  complete  agree- 
ment with  the  fundamental  laws  of  electrostatics,  according  to 
which  this  force  has  a  positive  value  for  particles  of  the  same 
kind  at  all  distances. 

3.  The  Law  of  Electrical  Potential. 

In  the  previous  section  the  law  of  electrical  force  is  shown  to 
be,  in  two  respects,  of  a  very  complicated  character,  namely  : — in 
the  first  place,  in  that  the  repulsive  force  between  two  electrical 
particles  is  dependent  on  things  that  do  not  appertain  either  to 
the  nature  of  the  particles  which  exert  the  force  upon  each  other, 
or  to  their  relative  positions  in  space,  or  their  existing  relative 
motion,  but  depends  upon  other  bodies;  and  secondly,  in  that 
repulsion  may  be  exerted  upon  each  other  at  certain  distances 
by  the  same  particles,  and  attraction  at  other  distances. 

Compared  with  this  complicated  law  of  electrical  force,  the  law 
of  electrical  potential  is  very  simple. 

The  value  of  the  potential  V  of  two  electrical  particles  c  and  e', 
in  fact,  as  I  pointed  out  as  long  ago  as  the  year  1848  in  Pog- 
gendorfF\s  Annalen  (vol.  Ixxiii.  p.  229),  is  determined  by  the 
following  law, 

~   r  \cc    dt''        )' 

dr 
Observing  that  both  /•  and   — -  have  difFcrcnt  values  at  different 

dt 

times  for  both  the  particles  c  and  e',  and  that  consequently  both 

dr 
are  functions  of  the  time,  it  follows  that  -    may  also  be  regarded 

as  a  function  of  r,  which  may  be  denoted  l)y //".     Wo  thus  obtain 
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and  from  this,  by  differentiation^  the  expression  for  the  force 

dr-       rr\cc'^^''       V^ '^rcc'^' 'di^' 

dr 
or,  it  we  agaui  put  -p  ^ov  fr, 

dr  ~  rr  [        cc  '  dt'^^  co'  dt  '    dr  )' 
for  which  we  may  write 

dr       rr  \        co  dt"'       cc     dt^ )' 
From  this  it  appears  that 

^f  V  Jl  .  ^^  _  1  ^ 
r  \cc    dt^        ) 

is  a  function  whose  differential  coefficient  with  respect  to  r  re- 
presents the  repulsive  force  between  the  two  particles  e  and  e', 

where  r  and  —  denote  respectively  their  distance  and  relative  velo- 

ed  (  \     dr'^        \ 
city  regarded  as  functions  of  the  time.  But  since  —  ( —  •  — ^  ~  -^  ) 

becomes  equal  to  nothing  v/hen  e  and  e'  are  separated  infinitely 

ed  (  1     dr^        \ 
far  from  each  other,  —  (  —  •  -.-z  —  1 )  is  the  potential  of  the  elec- 

/      \CC       til  / 

trical  particles  e  and  d — that  is  to  say,  the  ivork  which  is  ex- 
pended in  causing  the  particles  to  approach  each  other  from  au 
infinite  distance  while  under  the  action  of  their  mutual  repulsion, 

and  to  arrive  at  the  distance  r  with  the  relative  velocity  —  *. 

It  likewise  results  from  the  foregoing  that  the  work,  which  is 
expended  when  a  given  relative  arrangement  and  state  of  motion 
of  a  system  of  particles  e,  e'  are  changed  to  another  arrangement 
and  another  state  of  motion,  depends  only  on  the  initial  and 

*  This  law  of  electiical potential  has  also  been  taken  as  his  starting-point 
by  Beer  in  his  '  Introduction  to  Electrodynamics '  (see  Einleitung  in  die 
Elektrostatik,  die  Lehre  vom  Magnetismus  und  die  Elektrodynamik ,  von 
August  Beer.  Nach  dem  Tode  des  Verfassers  herausgegeben  von  Julius 
Pliicker  :  Braunschweig,  1865.  S.  250).  The  placing  of  the  law  of  7;o^en- 
tial  in  the  foreground  as  the  fundamental  law,  and  deriving  the  law  of  force 
from  it,  ought  not  to  give  rise  to  any  misgiving.  We  have  in  many  respects 
a  better  justification  for  speaking  of  the  physical  existence  of  the  work  ex- 
pressed by  the  potential  than  for  s])eaking  of  the  physical  existence  of  a 
force,  as  to  which  all  we  can  say  is  that  it  tends  to  change  the  physical  rela- 
tions of  bodies. 
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final  arrangements  and  movements  of  the  particles,  and  is  inde- 
pendent of  the  way  by  which  the  transition  has  been  effected, 
and  also  independent  of  states  of  motion  which  may  have  existed 
during  the  transition. 

4.  Fundamental  Electrical  Laivs. 

The  law  of  electrical  potential  certainly  appears  to  stand,  in 
view  of  its  simplicity,  in  a  much  closer  relation  to  the  true  fun- 
damental laws  of  electricity  than  the  far  more  complex  law  of 
electrical  force ',  but  the  expression  of  the  former  law  may  still 
be  resolved  into  two  simpler  laws,  which  may  be  stated  in  the 
following  manner : — 

First  Law. — If  two  particles  c  and  e'  are  at  relative  rest  or 
possess  the  same  relative  motion  at  two  different  distances  r  and 
p,  the  quantities  of  work  V  and  U  which  are  expended  in  sepa- 
rating the  particles,  while  mutually  acting  on  each  other,  from 
these  distances  to  an  infinite  distance,  are  to  each  other  inversely 
as  these  two  distances,  that  is, 

V:U  =  p:?- (1) 

Second  Laiv. — The  work  U,  which  is  expended  in  separating 
the  particles  e  and  ^  while  subject  to  the  force  exerted  by  them 

on  each  other  from  a  given  distance  p  \  =  —  )  projwrtional  to 

the  quantity  ee'  to  an  infinite  distance,  makes  together  with  the 
vis  viva  x,  which  belonged  to  the  particles  in  consequence  of 
their  relative  motion  at  the  distance  p,  a  constant  sum,  namely  a ; 
that  is, 

V  +  x=a (2) 

For  from  equation  (1)  it  follows  tliat 

U=-V; 

P 

and  hence,  by  equation  (2), 
r 


ce 
or,  Since /3= — 


Y  +  a;=a, 
P 


r  \        a/ 


But  the  relative  vis  viva  x  is  proportional  to  the  square  of  the 
relative  velocity^  ,  so  that  we  may  aib^ti(ut(;  for  a  a  new  con- 
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slant  cc,  such  that 

a?  __  1     dr"^^ 
a       cc    dt'^ 


*  If  e  and  e'  denote  the  masses  of  the  particles  e  and  e',  x  and  /3  the  velo- 
cities of  e  in  the  direction  of  r  and  at  right  angles  thereto,  and  a'  and  /3'  the 

dr  • 
same  velocities  for  e',  so  that  cc  —  x'=-j-is  the  relative  velocity  of  the  two 

particles,  then 

if(<e«+/3/3)  +  ie'(««'«'+/3'/3') 

is  the  total  vis  viva  of  the  two  particles.     If  we  now  put  for  ot 

tec+e'x'  j^  e'{ec — «') 

— — i — 1~   "T  i     i — ♦ 

e+e  e+e 

and  for  «' 

ecc-[-('x'      €'(x—u') 


we  get  the  total  vis  viva  of  the  two  particles  represented  as  the  sum  of  two 
parts  in  the  following  manner — namely, 

2e+€     a^      2L     c+c'  J 

the  /irs^  T)art  of  which,  or — -,  is  the  relative  vis  viva  of  the  par- 

tides  which  was  denoted  above  by  x.     But  a  is  also  a  relative  vis  viva  of 
the  same  particles,  namely  that  which  corresponds    to  a  definite  relative 

velocity  c,  so  that  «  =  ^ cc.     Hence  we  get  -  = -r-jas  was  given 

•'  2  e  +  e'  ^      a       CC    dt-  ^ 

above. 

It  may  be  further  observed  that  the  second  part  of  the  above  sum, 

namely   -[  '"' ^  ■+-  f/3/3  +  f'/3'/3'  [,   may  be   again  represented,  after 

2L     f  +  e'  J 

another  subdivision,  as  the  sum  of  two  parts,  thus 

2(  +  €'     dt'^2L     e  +  e'        ^^'^"^>>'J' 

ds 

where   -j-  represents  the  velocity  with  which  the  two  particles  move  rcla- 
dt 

lively  to  each  other  in  space  perpendicularly  to  r,  while  y  represents  the 

velocity,   perpendicular  to  r,  of  the  centre  of  gravity  of  the  two  particles. 

We  thus  get  the  total  vis  viva  of  the  two  particles  divided  into  three  parts — 

namely, 

'•     2e+e''dt"-' 

1  ee       ds' 
11'     TT ;  •  -!-,» 

2  e  +  e'    dt- 


1    r(fx  +  e'xy    ,  ,    ,    ,v     ~1. 

2  [  e+e'    +''+'^yyy 


dr- 


iht  first  of  which,  namely  q     ,    >  '  jj^,  represents  the  relative  vis  viva  cf 
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We  thus  obtaiu 


r\        cc     dt'')' 


Here  V  denotes  the  work  expended  in  separating  the  two  par- 
ticles from  the  distance  r  to  an  infinite  distance.  If  V  is  to  de- 
note the  work  done  in  bringing  the  particles  from  an  infinite  dis- 
tance to  the  distance  r,  as  it  is  usually  understood  to  do,  so  that 

dN  .     . 

positive  values  of  -7—  may  indicate  repulsion,  we  obtain 

V--V1.  — -iV 

^  ~  r  \cc     dC'        J  ' 
that  is  to  say,  the  law  of  electrical  potential . 

5.   Principle  of  the  Conservation  of  Energrj  for  Two  Particles 
which  form  a  detached  system. 

The  two  fundamental  laws  laid  down  in  the  foregoing  section, 
which  may  be  called 

The  Law  of  the  dependence  of  the  Potential  on  the  distance 

for  a  constant  relative  motion,  and 
The  Law  of  the  dependence  of  the  Potential  on  the  relative 
motion  for  a  constant  distance, 
require  to  be  further  discussed  in  relation  to  their  bearing  upon 
the  principle  of  the  Conservation  of  Energy. 

In  accordance  with  the  principle  of  the  conservation  of  energy, 
three  forms  of  energy  are  to  be  distinguished  from  each  other — 
namely,  energy  of  motion  (kinetic  energy),  jjoteiitial  energy,  and 
energy  of  heat  (thermal  energy). 

The  energy  of  motion  is  that  part  of  the  energy  which  depends 
upon  the  existing  movements ;  and  a  special  determination  is 
given  of  the  way  in  which  it  depends  upon  movement — namely, 
partly  upon  the  magnitude  of  the  moving  mass,  and  partly  upon 
the  velocity  with  wliich  this  mass  moves. 

The  same  determination  also  appies  to  thermal  energy,  if  this 
is  regarded,  in  accordance  with  the  mechanical  theory  of  heat, 

the  two  ptirticles ;  while  ihe first  two  parts  taken  together,  namely 

1  ff'     /f/H         rfs2\ 

2  7+t'^dV-      dt-l' 

represent  the  total  internal  vis  viva,  or  the  total  internal  kinetic  energy  of 
the  system;  and  the  third i)art,  namely  -     !^ — ---, —   +(f  +  f')>7    .  »q)re- 

sents  the  external  vis  viva,  or  the  external  kinetic  energy  of  the  system  {t\\&t 
is,  the  vis  viva  of  the  centre  of  -gravity  of  the  two  particles). 
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as  aa  internal  motion  of  the  particles  of  bodies.  But  if  we  are 
dealing  with  a  system  of  two  elementary  particles  (that  is  to  say, 
particles  such  that  there  can  be  no  motion  ivithin  them),  it  is  ob- 
vious that  in  the  case  of  such  a  system  thermal  energy  has  no 
existence,  and  energy  of  motion  und  potential  energy  alone  remain. 
Lastly,  the  jiutential  energy  is  that  part  of  the  energy  which 
depends  on  the  existing  potential;  and  a  special  determination  is 
needed  of  the  way  in  which  potential  energy  depends  upon  the 
potential,  exactly  as,  in  the  case  of  the  energy  of  motion,  it  is 
•needful  to  determine  the  special  way  in  which  it  depends  on 
movement. 

Now  this  special  determination  has  been  made  by  equating 
piotential  energy  (without  regard  to  the  sign)  and  potential"^. 

The  justification  for  this  proceeding  has  been  found  in  the  fact 
that  the  potential  is  a  magnitude  which  is  homogeneous  with 
kinetic  energy,  which,  when  taken  with  the  negative  sign  and 
added  to  the  kinetic  energy,  gives  always  the  same  sum,  so  long 
as  the  two  particles  constitute  a  detached  system  which  does 
not  undergo  either  gain  or  loss  of  energy  from  without. 

For  instance,  if  we  have  a  system  of  two  ponderable  particles 
m,  m',  its  potential  is 

^_  mm' 

and  the  internal  vis  viva,  or  the  internal  kinetic  energy  of  the 
system,  is 

^,,      1     mm'    ,  . 

2  m  +  m'  ^  '' 

where  u  =  -r'\%  the  relative  velocity  of  the  two  particles,  and  a 

dt 
the  difference  of  the  velocities  in  space  perpendicularly  to  r. 
But,  for  such  a  detached  system,  if  we   put  r=rQ  and  a.  =  UQ 

*  The  sign  of  the  potential,  V,  is  so  determined  that  positive  values  of 

_-  indicate  tepelhag  forces  ;  the  sign  of  the  potential  energy  is  fixed  by 
dr 

the  sign  of  the  work  which  is  done,  in  consequence  of  the  mutual  action  of 
the  particles,  when  the  two  particles  are  separated  from  the  distance  r  to 
an  infinite  distance.     Consequently,  for  two  ponderable  particles  m,  m,  the 


potential  is  V=  ,  and  the  potential  energy  =— For  two  elec- 

.  ee'   /  1     rfr-       \ 

trical  particles  e,  e    the  potential  is   =  'Y  \cc'dl^~    ]'  ^""  *"*^  poten- 

ee'  (  1      dr-\ 

tialene.rgy  =  — 1^1--  •  ;^j- 
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wheu  tt  =  0,  the  following  value  is  easily  got,  namely 


rQ—rr2{in-\-vi')       r^-^-r 

UU=  — «a 

Vq    L        r  Tq 


r- 


and  consequently  the  sum 


-..     _-  mm'       1    mm' 

Tliis  sum  always  retains  the  same  value  as  long  as  the  values  of 
Tq  and  tto  remain  unchanged — that  is,  so  long  as  the  system  of 
the  two  particles  undergoes  neither  loss  nor  gain  of  energy  from 
without.  The  external  kinetic  energy  of  such  a  detached  system 
amounts  separately  to  a  constant  sum. 

Now  the  same  thing  holds  good  also  for  two  cZec/ncff?  particles 
e,  e'  \  for  their  potential,  taken  with  the  negative  sign  and  added 
to  their  kinetic  energy,  gives  in  like  manner  always  the  same 
sum  so  long  as  the  particles  constitute  a  detached  system. 

*  The  force  with  which  the  two  particles  mutuallv  act  on  each  other, 
namely  ~j~ ,  divided  by  m,  gives  the  acceleration  of  the  particle  m — that  is, 

1     rfV 

—  -7-  ;  divided  by  ?«'  it  gives  the  acceleration  of  the  particle  m',  namely 

_L  .„..  Consequently  that  part  of  the  relative  acceleration  of  the  two 
m'     dr 

■   /I  _i_  1  W^    ,-, 

particles  \\hich  arises  from  their  mutual  action  is  I  ^  "*"  ,^^  "^7»  "'""6 

that  part  of  the  relative  acceleration  of  the  two  particles  which  arises  from 

eiet 
their  rotation  about  one  another  is  represented  by  — .      If  now  this  last 

du 
portion  be  subtracted  from  the  total  acceleration  -rj,  the  following  ecpia- 

tion  results : 


du      *'*'_/_L  I    1  \  f^V 
dt        r   ~\m       m')  dr ' 


Putting  r  =  r^^  and  «  =  «^,  for  the  instant  at  which  7/  =  0,  we  obtain  the  ex- 
])rcssion 

as  applicable  for  the  case  in  which  tlic  only  forces  acting  on  the  two  par- 
tides  arc  those  due  to  their  mutual  action.  Accordingly  we  get,  I)y  inte- 
grating the  above  differential  ccpiation  after  it  has  been  multiplied  by 
2dr=2udt, 

\rr       r^rj        \in       mn  r  r^  / 

_  fn-r  l2(m  4- m ')  _  r, -f  /•         \  _  >•„ -  r  /2(m+m')  _  r„4  r ^\ 
r      \       r^  r  '  I         r„     V        r  r^         I 


and  hence 
uu 
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We  have^  for  the  potential  of  such  a  system  of  two  electrical 
particles, 


"~    r  \cc        J' 


and,  for  the  internal  kinetic  energy  of  the  system, 

1  6€  ee 

W=  — r  [uu  -\- »u)  =  —  (uu -\- act) , 

2  €  +  e  '      pec  ' 

dr 
if  M=  -^  denotes  the  relative  velocity  of  the  two  particles,  and  a 

the  diflference  of  their  velocities  in  space  at  right  angles  to  r. 
But,  for  such  a  detached  system,  when  we  put  /*=:7-q  and  oi.-=.Uq 
for  M=0,  it  is  easy  to  obtain 

«— ^"  « 

r—p  \rQ  r       "  "^  ' 

and  consequently  the  sum 

W- 

This  sum  likewise  retains  the  same  value  so  long  as  the  values 
of  ?-Q  and  «Q  remain  unchanged — that  is,  so  long  as  the  system  of 
two  particles  undergoes  neither  loss  nor  gain  of  energy  from 
without  f.  The  same  principle  holds  good  in  relation  to  the  external 
kinetic  energy  of  a  detached  system  of  two  electrical  particles 
and  to  that  of  tico  ponderable  particles. 

*  See  Section  11. 

t  In  Professor  Tait's  very  instructive  work,  '  A  Sketch  of  Thermodyna- 
mics '  (Edaibnrgh,  18()8),tlie  following  pass.nge  occurs  at  page  7<>,  in  refer- 
ence to  the  investigations  of  Ricmaun  and  Lorenz  which  appeared  in  Pog- 
gendorff's  ^«Ha/fH  for  lS<)7[Phil.  j\Iag.  S.  4.vol.  xxxiv.pp.3t)S  and  287]  : — ■ 
"  But  the  investigations  of  these  authors  are  entirely  based  on  Weber's  inad- 
missible theory  of  the  forces  exerted  on  cachother  by  movitif/ electric  particles, 
for  wliich  the  conscrvatiou  of  energy  is  not  true,  while  Maxwell's  result  is 
in  perfect  consistence  with  that  great  principle."  This  assertion  of  Pro- 
fessor Tait's  seems  to  be  in  contradiction  with  the  above.  At  jiage  56  of 
the  same  work  Mr.  Tait  mentions  that  Ilelniholtz  has  based  the  doctrine 
of  energy  on  Newton's  princi[)le  and  on  the  following  postulate  : — "  Matter 
consists  of  ultimate  particles  which  exert  upon  each  other  forces  whose 
directions  are  those  of  the  lines  joining  each  ])air  of  ])articles,  and  whose 
magnitudes  depend  solely  on  the  distances  between  the  particles."  The 
contradiction  between  the  fundamental  law  of  electricity  and  this  postulate 
is  evident;  but  the  contradiction  between  it  and  the  principle  of  the  conser- 
vation of  energy  is  by  no  means  evident, — a  distinction  which  Professor 
Tait  seems  to  have  overlooked. 
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6.  Extension  of  the  Principle  of  the  Conservation  of  Energy  to 
two  electrical  particles  ivliich  do  not  form  a  detached  system. 

If  potential  energy  is  taken,  as  is  done  in  the  previous  section, 
as  equal  and  opposite  to  potential,  the  principle  of  the  conserva- 
tion of  energy  holds  good  for  two  particles  only  so  long  as  these 
two  particles  constitute  a  detached  system — that  is,  so  long  as  the 
system  formed  of  the  two  particles  undergoes  neither  gain  nor 
loss  of  energy  from  without. 

If  the  total  energy  of  such  a  detached  sy.stcm  of  two  particles 
were  at  first  =A,  but,  the  system  ceasing  to  be  detached,  it  re- 
ceived from  without  a  quantity  of  kinetic  energy  =-a,  it  seems 
to  follow  that,  if  the  system  were  now  again  to  become  detached, 
the  total  energy  would  again  become  and  remain  constant  so 
long  as  it  remained  detached,  but  that  the  total  energy  of  the 
system  in  its  final  detached  state  would  have  the  value  A  +  a 
(that  is,  a  value  exceeding  that  corresponding  to  its  previous  de- 
tached state  by  a).  This,  however,  does  not  by  any  means  con- 
clusively prove  the  impossibility  of  extending  the  principle  of 
the  conservation  of  energy  to  two  electrical  particles  which  do 
not  constitute  a  detached  system. 

For,  strictly  speaking,  this  has  only  been  proved  on  the  as- 
suni])tion  that  the  potential  energy  of  the  system  depends  solely 
on  the  distance  between  the  two  particles  ;  while  if,  on  the 
other  hand,  tlic  potential  energy  does  not  depend  simply  on  the 
distance  of  th.;  two  particles,  but  also  on  their  relative  motion, 
it  is  evident  that  while  the  system  receives  from  without  an 
amount  of  kinetic  energy  =^  a,  a  change  in  its  potential  energy 
may  be  indirectly  produced  thereby.  It  is  thus  possible  that 
the  chaw^Qoi potential  energy,  so  caused  indirectly  from  without, 
might  be  =  —a,  so  that  the  total  energy  (kinetic  energy  and 
potential  energy  together)  of  the  two  particles,  even  if  they  did 
not  constitute  a  detached  system,  would  retain  always  the  same 
value. 

This,  however,  certainly  does  not  occur  in  reality  for  a  system 
of  two  electrical  particles,  if  i\\e.  potential  energy  i^ivikcn  as  equal 
and  opposite  to  the  potential  -,  but  this  assumption,  which  would 
thus  make  the  extension  of  the  principle  impossible,  has  by  no 
means  been  proved  to  be  a  necessary  one.  In  general,  all  that 
is  required  is  a  special  determination  of  the  way  in  which  the  jm- 
tential  energy  depends  npon  the  potential ;  and  here  all  that  is 
self-evident  is,  that  inasmuch  "as  potential  and  potential  energy 
are  homogeneous  magnitudes,  a  purely  numerical  relation  must 
exist  between  them.  But  whether  this  numerical  relation  is 
always  that  of  +1  to  — 1,  or  whether  it  is  to  be  fixed  other- 
wise, must  still  be  regarded  as  in  general  doul)tful  ;  so  that  the 
possibility  of  the  extension  of  the  ]n-incipl('  still  remains. 
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"We  undevstand,  in  fact,  by  the  potential  of  two  particles,  the 

amount  of  ivork  which,  in  consequence  of  the  mutual  action  of 

the  two  particles,  is  done  when  they  are  transferred  in  any  way 

whatever  from  an  infinite  distance  to  the  actually  existing  dis- 

dr 
tance  r  with  the  actually  existing  relative  velocity  -j-- 

It  is,  however,  evident  that  ivork  is  done,  in  consequence  of 
the  mutual  action  of  the  two  particles,  not  only  during  their 
transference  from  a  greater  distance  to  the  distance  r,  but  also 
during  their  transference  from  a  smaller  distance  to  the  distance 
r.  And  there  is  no  obvious  reason  why  the  energy  ascribed  to 
the  system  should  be  made  to  depend  on  the  work  done  in  the 
former  case,  and  not  on  that  done  in  the  latter  case  also. 

For  example,  if  the  first  quantity  of  work  were  denoted,  ac- 

cording  to  Section  4,  by  V,  and  the  second  by  '- V,  the  poten- 
tial energy  ascribed  to  the  system  might  be  taken  as  the  differ- 

p  ~~  r                     r 
ence  of  these  two  amounts  of  work,  namely  =- V  —  V= V. 

This  difference  of  the  two  amounts  of  work   is  evidently  the 

quantity  of  work  which  is  done,  in  consequence  of  the  mutual 

action  of  the  two  particles,  during  their  transference  from  the 

limiting  value  of  small  distances  to  the  limiting  value  oi great 

ee  I         uu\ 
distances — that  is  to  say,  the  value  which    —  V=  —  (  1 — —  j 

assumes  when  r  is  taken  therein  as  equal  to  the  limiting  value 
of  small  distances,  or  when  we  put  r=/9,  where  p  denotes  the 
limiting  value  of  small  distances.     According  to  this,  therefore, 

this  difference  of  the  two  quantities  of  workr=  —  (1 — )= V. 

In  order  to  determine  in  this  way  the  potential  energy  of  a 
system  of  two  electrical  particles  when  \hG.  first  quantity  of  work 
above  referred  to  is 


it  is  only  necessary  further,  for  the  determination  of  the  second 
quantity  of  work,  to  determine  the  value  of  p — that  is,  of  the 
smaller  distance  which  is  to  be  taken  account  of  in  tliat  portion 
of  the  work. 

Now  this  smaller  distance,  equally  with  the  greater  distance, 
must  be  determined  on  its  own  account,  independently  of  the 
actually  existing  conditions  of  the  two  particles.  This  was  done 
in  the  case  of  the  greater  distance  by  assigning  to  it  an  infinitely 
great  value ;  in  the  case  of  the  smaller  distance  the  same  thing 
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is  accomplished  if  we  assiprn  to  it  the  value  2 .  — ,  a 

^  °  €€  CC 

distance  which  is  given  by  the  pai-ticles  e,  e',  by  their  masses  €,  e', 
and  by  the  known  electrical  constant  c. 

If  we  now  put  the  smaller  distance  equal  to  the  value  of  p,  we 
get,  in  virtue  of  the  equations 


r  \cc       J' 
p—')'Y_p—r    eeWuu      -\ 
p  or  \cc        r 


/till        \      1     ee     ,  . 

I 1  )=  « 1  icc—uu). 

\cc         /      2  e  +  e'  ^  ' 


P  P 

the  required  value  of  the  potential  energy,  namely 

^  V  _     ^^' 
~P    ~~  P 
In  accordance  with  the  distinction  which  is  here  drawn  between 

the  potential  and  the  potential  energy  of  two  electrical  particles 
and  with  the  corresponding  determination  of  their  relation  to  each 
other,  an  analogous  distinction  may  also  be  made  between  the 
vis  viva  and  the  kinetic  energy  of  two  panicles.  For  there  is  no 
necessity  that  the  kinetic  energy  of  two  particles  should  be  taken 
as  being  equal  to  the  total  vis  viva  of  the  two  particles ;  all  that 
is  generally  essential  is  a  definite  determination  of  the  relation 
subsisting  between  the  kinetic  energy  of  two  particles  and  the  total 
vis  viva  belonging  to  them  both. 

Now  the  total  vis  viva  possessed  by  the  two  particles  was  re- 
presented in  the  note  to  section  4  as  the  sum  of  two  parts,  of 

1     ee'      dr^ 
which  i\xe  first  part,  namely  -  -,  •  -j-^,  was  called  the  rela^ 

<w   €  -f"  €       (it 

tive\'is  viva.  The  second  part  was  that  which  the  two  particles 
possessed  in  virtue  of  their  revolution  about  each  other  in  space, 
and  in  virtue  of  the  motion  of  their  centre  of  gravity  in  space. 

If  now,  in  order  to  establish  the  conception  of  the  energy  of 
two  particles,  we  take  it  as  our  starting-point  that  the  pri7i- 
ciple  of  the  conservation  of  energy  of  two  particles  must  be  based 
upon  the  essential  characters  of  the  two  particles,  and  in  fact 
U]>on  what  is  essential  to  t/icni  when  regarded  as  constituting  a 
detached  system,  it  is  obvious  that  for  this  jiurpose  the  concep- 
tion of  the  energy  of  two  particles  must  be  made  to  dei)end  only 
on  the  relations  presented  by  the  system  of  the  two  particles  as 
such,  quite  irresi)cctivcly  of  the  relations  in  which  these  parti- 
cles may  stand  to  all  other  bodies  in  s|)ace. 

Apj)lyiiig  this  fundamental  principle  to  the  kinetic  energy  of 
two  j);atirhs  in  the  same  way  as  it  has  just  been  done  in  respect 
oi'  thv  polcniiul  energy,  we  see  that  the  kinetic  energy  must  be 
taken  as  dependent  upon  i\\c  first  part  of  the  total  vis  viva  be- 
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longing  to  the  two  particles — that  is  to  say,  upon  their  relative 
vis  viva — and  not  upon  the  second  part  of  the  total  vis  viva,  or 
that  which  the  two  particles  possess  in  virtue  of  their  revolution 
about  one  another  in  space  or  of  the  motion  of  their  centre  of 
gravity  in  space;  for  this  latter  part  depends  upon  relations 
which  the  two  particles  do  not  of  themselves  directly  present. 
For  the  two  particles  taken  by  themselves  do  not  directly  pre- 
sent any  relation  to  space  except  their  distance  apart,  from 
which  no  knowledge  can  be  had  of  their  rotation  or  of  the 
motion  of  their  centre  of  gravity  in  space. 

Consequently,  in  what  follows,  by  the  kinetic  energy  of  two 
particles  is  to  be  understood,  not  the  total  vis  viva  possessed  by 
the  two  particles,  but  only  their  relative  vis  viva. 

But  it  is  easy  to  see  that,  in  accordance  with  this,  while  a 
system  of  two  electrical  particles  e,  e!  receives  from  without  an 
amount  of  kinetic  energy  =0,  it  really  undergoes  an  alteration 
of  its  potential  energy  = — a;  so  that  the  whole  energy  of  the 
system  must  always  retain  the  same  value  not  only  vVhen  the 
two  particles  constitute  a  detached  system,  but  also  when  they 
do  not  do  so.  For  if  we  represent  the  kinetic  energy  communi- 
cated from  without  by 

1     ee' 

while  the  kinetic  energy  of  tlie  particles  before  the  communica- 
tion of  this  portion  was 

the  kinetic  energy  existing  after  the  communication  is 
1     ee'  1     ee'     ,  . 

Consequently  the  potential  energy  before  the  communication  is 

whereas  the  potential  energy  after  the  communication  is 
r  ,,      1     ee'  1     ee'     ,  ,       1     ee' 

-  p  ^=  3  7T^  ^^^-"")  =  2  ^'  ^''-'''<  -  2  TTe' ''  '' 

so  that,  in  consequence  of  the  communication  from  without  of 
kinetic  energy  equal  to  +o,  a  change  oi  potential  energy  has  oc- 
curred which  is  represented  by 

1  ee' 

— -,vv=—a. 

2  e  +  e' 
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7.  Application  to  other  Bodies. 
If  wc  distinguish,  in  accordance  with  the  last  section,  between 
the  potential  and  the  potential  energy  of  two  particles — that  is  to 
say,  if  we  define 

Potential  as  the  amount  of  work  which,  in  consequence  of  the 
mutual  action  of  the  two  particles,  is  done  during  the 
transference  of  the  particles  from  an  infinite  distance  to  the 

actual   distance   r   with  the  existing  relative  velocity  -7-; 

and 
Potential  energy  as  that  amount  of  work,  taken  negatively, 
which,  in  consequence  of  the  mutual  action  of  the  two  par- 
ticles, is  done  during  the  transference  of  the  particles /rom 
the  greater  distance  r=  00/0  the  smaller  distance  r  =  p  deter- 
mined by  the  particles  e,  e',  their  masses  e,  e',  and  by  the 

dr 
constant  c,  with  the  existing  relative  velocity  -j-j 

the  latter  (that  is  to  say,  the  potential  energy  in  the  sense  that 
has  been  indicated)  may  be  resolved  into  two  parts,  one  of  them 
equal  and  opposite  to  the  potential,  and  therefore  identical  with 
the  magnitude  which  has  hitherto  been  alone  called  potential 
energxi,  but  which,  regarded  henceforward  as  only  a  part  of  the 
potential  energy,  we  may  call  the  free  potential  energy;  the  re- 
mainder is  i\\c  second  part,  which  may  be  called  the  latent  poten- 
tial energy. 

Hence  the  principle  of  the  conservation  of  energy  may  be 
enunciated  in  the  first  place  in  the  earlier  wider  sense  as  follows: — 

For  a  detached  system  of  two  particles  the  sum  of  the  kinetic 
energy  and  of  ihc  free  potential  energy  is  always  the  same. 
For  so  long  as  no  kinetic  energy  is  either  lost  or  communicated 
from  without,  every  change  in  the  free  potential  energy  will  be 
compensated  by  an  equal  and  opposite  change  in  the  kinetic 
energy. 

But  the  principle  of  the  conservation  of  energy  may  also  be 
enunciated,  secondly,  in  the  narrotcer  sense  as  follows  (potential 
energy  and  kinetic  energy  being  understood  in  the  sense  that 
has  just  been  defined)  : — 

The  relative  kinetic  energy  of  two  particles,  and  the  total  poten- 
tial energy  which  they  possess  along  with  this  kinetic  energy, 
together  give  always  the  same  sum. 

Upon  this  the  follownig  remarks  may  be  made  : — 

(1)  One  particle  regarded  by  itself  can  only  possess  kinetic 
energy. 

(2)  Two  particles  likewise  possess  in  the  first  place  kinetic 
energy,  which  is  the  sum  of  those  which  they  possess  when  con- 
sidered separately, 
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(3)  This  sum  consists  of  a  part  A,  which  may  be  ascribed 
partly  to  the  motion  of  their  centre  of  gravity,  and  partly  to 
their  rotation  about  one  another  in  space — and  of  another  part 
B,  which  the  particles  possess  relatively  to  each  other  when  con- 
sidered by  themselves.  This  latter  part,  B,  is  called  the  relative 
kinetic  energy,  or  that  belonging  to  the  system  formed  by  the  two 
particles. 

(4)  But  in  the  system  of  two  particles  there  is  a  something, 
in  addition  to  its  kinetic  energy,  which  does  not  belong  to  the 
two  particles  taken  separately,  namely  a  greater  or  less  capacity 

for  doing  work  in  virtue  of  the  mutual  action  of  the  two  particles 
upon  each  other.  The  measure  of  this  capacity  for  doing  work 
is  termed  the  potential  energy  of  the  system,  or  the  relative  jjoten- 
tial  energy  of  the  two  particles  ;  and  that  quantity  of  work  serves 
as  the  measure  of  this  working-power  which  is  done  in  conse- 
quence of  the  mutual  action  of  the  two  particles  during  their 
transference /ro»i  the  smaller  distance  i'=p  to  the  greater  distance 
r=x,  where  p  is  determined  by  the  particles  themselves  e,  ^, 
by  their  masses  e,  e',  and  by  the  constant  c. 

(5)  The  principle  of  the  conservation  of  energy,  however, 
when  specially  defined  as  above,  is  only  applicable  to  two  par- 
ticles when  their  potential  is  of  the  same  form  as  that  of  two 
electrical  particles,  namely 

y_^l^/l    dr"^ 


~  r   \cc'  df        )' 


The  potential  of  two  ponderable  masses  m,  m',  on  the  con- 
trary, is 

^,      mm' 

V  =  } 

r 

which  (neglecting  the  sign)  can  be  included  under  the  above 
general  form  only  if  the  value  of  the  constant  c  for  ponderable 
masses  is  infinitely  great.  It  is  evident,  however,  that  it  would 
in  reality  suffice  for  the  constant  c  to  have  only  a  very  great 
value  instead  of  an  infinite  value,  in  order  that  there  might  not 
be  any  thing  perceptibly  inconsistent  with  the  results  of  ex- 
periment. And,  considering  the  extraordinarily  high  value 
which  must  be  ascribed  to  the  constant  c  in  the  case  of  elec- 
trical particles,  it  does  not  seem  at  all  necessary,  for  the  avoid- 
ance of  all  sensible  contradictions,  to  adopt  any  other  value  for 
ponderable  bodies ;  consequently  it  must  be  permissible  to  re- 
present the,  potential  of  two  ponderable  particles  m,  m'  by 


„_  mm'  f.        1     dr^\ 

~\     '^'dty' 


C2 
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where  the  constant  c  retains  the  same  value  as  in  the  potential  Oj 
two  electrical  particles. 

But  even  if  it  should  hereafter  result  from  more  accurate  ex- 
perimental results  that  it  is  not  permissible  thus  to  ascribe  the 
sanie  value  to  the  constant  c  in  the  case  of  ponderable  particles, 
the  |)()ssibility  would  always  remain  of  assigning  to  the  constant 
c  a  still  greater  value  for  ponderable  particles;  and  t::is  could 
easily  be  taken  so  great  that  any  sensible  disagreement  with 
experiment  would  completely  vanish. 

[To  be  continued.] 


II.  Further  Notes  on  the  Th'ory  of  the  Tides. 
By  the  Rev.  T.  K.  Abbott,  Trinity  College,  Dublin'^. 

IN  the  demonstrations  given  in  two  previous  papers  in  this 
Magazine  (January  1870  and  February  1871),  we  have  sup- 
posed the  water  to  be  limited  to  an  equatorial  canal,  the  moon 
also  being  in  the  equator.  It  is  desirable  to  consider  what  mo- 
difications will  be  introduced,  hrst,  by  supposing  the  eaith  to  be 
uniformly  covered  with  water,  and,  secondly,  by  taking  into  ac- 
count the  moon's  declination. 

It  will  save  repetition  if  we  state  once  for  all  certain  general 
principles  which  we  shall  have  to  employ.  First,  suppose  an 
accelerating  force  acts  alternately  in  opposite  directions,  the 
effect  (measured  by  velocity)  increases  as  long  as  the  force  acts 
in  either  direction,  and  therefore  the  velocity  in  that  direction 
is  greatest  at  the  moment  that  the  force  changes  its  direction. 
Secondly,  the  velocity  (diminishing  under  the  counteraction  of  the 
new  force)  continues  to  be  in  the  same  direction  until  this  counter 
force  has  undone  all  the  work  done  in  that  direction  by  the  pre- 
vious force.  AVhen  the  circumstances  are  alike  in  both  direc- 
tions, this  will  be  when  the  force  has  done  half  its  work.  'Ihis 
is  precisely  the  case  of  the  common  pendulum.  Thirdly,  in  the 
case  before  us,  the  water  rises  when  the  particles  behind  are 
moving  faster  than  those  before.  The  rate  of  rise  is  greatest 
when  this  difference  is  greatest;  but  as  the  effect  is  cumula-- 
tive,  the  whole  amount  of  the  rise  is  greatest  at  the  moment 
when  the  difference  =  0,  and  is  about  to  change  to  the  oppo- 
site. Fourthly,  as  in  2,  this  difft  rence  ceases  to  increase  (/.  e. 
is  greatchtj  when  the  force  (or  difference  of  forces)  i)rodueing  it 
ceases  to  act ;  but  it  is  not  reduced  to  0  until  the  o})posite  force 
has  done  half  its  work.  At  this  moment  the  accumulation  is 
greatest.  Fifthly,  in  the  case  which  we  are  now  considering, 
the  effective  force  dej)ends  on  the  form  of  the  surface,  and  vice 

•  Communicated  by  tlie  Author. 
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versa.  If,  then,  when  this  form  is  spherical  the  difFerence 
mentioned  in  3  were  always  in  the  same  direction,  it  would  con- 
tinue to  act  until  a  certain  permanent  alteration  was  produced. 
If  the  difiFerence  were  constant  in  amount,  a  state  of  equilibrium 
would  be  attained ;  but  if  it  alternately  increases  and  diminishes, 
then  the  mean  form  of  the  surface  will  be  the  same  that  would 
be  produced  by  a  constant  force  equal  to  the  mean  amount  of 
the  actual  force.  The  alternate  excess  and  defect  of  the  latter 
will  cause  a  periodical  motion,  just  as  if  it  were  an  independent 
foi'ce  *. 

First,  then,  the  moon  being  still  supposed  to  be  in  the  equator, 
let  the  earth  be  uniformly  covered  with  water.  The  tangential 
force  may  be  resolved  into  two  components,  one  touching  the 
parallel  of  latitude  {i.  e.  east  and  west),  the  other  meridionalt- 

These  may  be  regarded  as  giving  rise  to  two  distinct  waves — 
one  north  and  south,  the  other  east  and  west.  Now,  with  respect 
to  the  latter,  the  reasoning  in  the  first  paper  (in  the  case  of  an 
equatorial  canal  with  the  moon  in  its  plane)  still  holds  good; 
and  if  this  force  were  alone  (that  is,  if  the  water  moved  in  canals 
parallel  to  the  equator),  the  ocean  in  every  circle  of  latitude 
would  take  the  form  of  an  ellipse,  with  its  short  axis  towards 
the  moon.  All  the  axes  in  this  direction  being  shoitened,  and 
those  at  right  angles  being  elongated  similarly  (for  this  compo- 
nent varies  according  to  the  same  law  in  every  latitude),  the 
entire  ocean  would  assume  the  form  of  an  ellipsoid  with  its 
greatest  and  least  axes  in  the  plane  of  the  equator,  the  least  being 
directed  towards  the  moon.  The  polar  diameter  being  unaffected, 
would  be  the  mean  axis  x)f  the  ellipsoid. 

The  effect  of  the  meridional  component  is  of  a  different  kind. 
This  constantly  acts  in  the  same  direction,  viz.  towards  the 
equator,  and  therefore  causes  an  accumulation  there  correspond- 
ing to  its  mean  amount,  and  a  proportionate  depression  at  the 
poles.  From  the  equator  to  lat.  45°  it  is  an  elevating  force, 
being  greater  as  the  particles  are  further  from  the  equator;  from 
that  to  the  poles  it  is  depressing.  In  every  case,  however,  the 
foi  ce  is  in  excess  of  the  mean  for  half  a  rotation,  viz.  from  45° 
on  each  side  of  the  meridian  under  the  moon,  and  in  defect  in 

*  If  the  reader  wishes  to  apply  these  considerations  to  the  case  of  an 
equatorial  canal  treated  in  the  first  paper,  it  must  be  observed  that  there 
the  elevating  force  is  the  excess  of  easterly  force  acting  on  any  particles  of 
water  above  that  which  affects  those  in  advance,  i.  e.  to  the  east  of  them. 
This  excess  is  positive  from  45^  west  of  the  moon  to  45°  east  {i.  e.  while  the 
moon  passes  from  45°  east  zenith  distance  to  45°  west),  then  negative  for 
90^,  and  so  on. 

t  Tlie  equatorial  component  is  proportional  to  cos  lat.  sin  2  (hour-angle 
of  moon  from  meridian) ;  the  meridional  to  sin  2  lat.  cos^  (hour-angle  of 
moon  from  meridian). 
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the  remaining  qiiadrants — being  greatest  when  the  moon  is  in  the 
meridian,  and  zero  when  it  is  in  the  horizon.  Henee,  by  5  and 
4,  the*'elevation  at  the  equator  (and  up  to  lat.  45°)  will  be  great- 
est {i.  e.  it  will  be  high  water)  90°  from  the  moon.  Beyond  lat. 
45°  the  depression  will  be  greatest  under  the  same  circumstances. 
In  these  latitudes,  therefore,  the  effect  of  the  former  component 
would  be  partially  counteracted.  It  is  easy,  however,  to  see  that 
the  variation  in  the  meridional  force  (which  alone  affects  the 
tide)  i 3  in  any  latitude  less  than  that  in  the  force  parallel  to  the 
equator  (in  the  proportion  of  sin  lat.  to  1);  so  that  while  the 
height  of  the  tide  would  be  lessened,  the  place  of  high  water 
would  be  as  before.  It  would  be  easy  to  calculate  the  height 
resulting  from  both  these  components  combined.  The  form  of 
the  surface  would  be  nearly  but  not  exactly  ellipsoidal,  with  the 
greatest  axis  equatorial  and  perpendicular  to  the  line  joining  the 
centres  of  the  earth  and  moon*. 

Let  us  now  consider  the  case  of  the  moon  having  a  declina- 
tion, which  for  simplicity  I  shall  suppose  less  than  22°  30'. 
This  limitation  will  not  affect  our  results.  We  shall,  as  before, 
take  the  two  components  separately. 

With  respect,  then,  to  the  component  which  acts  parallel  to 
the  equator.  Near  the  equator  itself  the  considerations  applied  in 
the  former  paper  still  hold  good.  Next  consider  a  place,  a, 
whose  polar  distance  is  less  than  the  moon^s  declination,  to 
which  therefore  the  moon  is  circumpolar,  and  (with  the  as- 
sumed declination)  alternately 
north  and  south  of  the  zenith. 
If  ab  cdhe  the  circle  of  rotation 
of  such  a  place,  it  is  obvious  that 
the  water  will  be  accelerated 
through  the  whole  semicircle 
aba,  and  retarded  through c 6? a.  n 
The  same  reasoning  as  already 
employed  will  show  that  it  will 
be  low  water  at  c  and  high  water 
at  a.  Now  take  an  intermediate 
place  whose  circle  of  rotation  is 
1 771710.  Here  the  water  is  re- 
tarded and  rising  from  /  to  m  and  from  n  to  o ;  and  accelerated 
and  falling  from  7n  to  ?i  and  from  o  to  /,  and  the  interval  olm  is 
less  than  mno.  Hence  the  tide  is  lowest  at  n  and  not  so  low 
at  /,  and  it  is  high  water  at  m  and  of. 

The  meridional  component  at  the  equator  acts  during  half  a 

It  is  evident  that,  apart  from  the  meridional  force,   tlic  equatorial 
wave  wouhl  itself  be  aecomjjanied  by  a  shght  north  and  south  oscillation, 
t  III  the  figure  M  is  the  point  under  the  moon,  N  its  antipodes. 
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rotation  northward,  and  during  the  other  half  southward,  and  in 
each  case  is  an  elevating  force,  which,  as  before,  has  its  greatest 
effect  90°  from  the  moon.  At  all  places  whose  latitude  is  less 
than  the  moon's  declination  there  is  a  permanent  accumulation. 
In  the  circle  ah  c  d  this  component  is  directed  towards  the  north 
at  a  and  towards  the  south  at  c,  the  points  of  change  being 
where  the  great  circles  from  M  touch  ah cd.  This  gives  rise  to 
a  north  and  south  oscillation.  The  southerly  force  being  the 
greater,  there  will  be  a  residual  depression  of  the  water  in  this 
region.  The  depressing  force,  however,  varies,  being  greatest  at 
a  and  at  c*,  while  the  elevating  force  is  greatest  where  the  tan- 
gents from  M  meet  the  circle.  Hence,  by  4  and  5,  the  tide  will 
be  lowest  at  the  latter  points  and  high  at  the  former.  Combi- 
ning this  with  the  former  result,  the  effect  of  both  components 
together  will  be  to  give  high  water  at  a. 

It  is  not  necessary  to  enter  into  a  detailed  examination  of  the 
state  of  things  at  intermediate  places.  It  is  not  difficult  to  see 
that,  as  long  as  the  moon's  declination  is  small,  there  will  be  an 
accumulation  effected  by  the  meridional  component  extending 
from  the  equator  to  about  lat.  45°,  and  that,  as  the  moon's  decli- 
nation increases,  the  accumulation  becomes.less  at  the  equator  and 
greater  towards  45°.  If  the  declination  were  exactly  45°,  there 
would  be  no  accumulation  at  the  equator,  but  two  elevated  rings 
at  lat.  45°.  With  a  greater  declination  these  rings  would  ap- 
proach the  poles  ;  and  obviously,  if  the  moon  were  at  the  pole, 
the  ocean  would  take  the  form  of  a  prolate  sphennd. 

The  places  of  high  water  at  any  latitude,  as  far  as  this  is  due 
to  the  meridional  component,  would  be  easily  found;  but  the 
proportionate  effect  of  the  meridional  and  equatorial  components 
depends  partly  on  the  latitude  and  partly  on  the  moon's  decli- 
nation ;  and  it  does  not  come  within  the  scope  of  the  present 
paper  to  solve  this  problem.  It  is  sufficient  to  observe  that  the 
importance  of  the  meridional  component  increases  with  the  de- 
clination as  well  as  with  the  latitude.  If  the  moon  were  at  the 
pole  this  force  would  be  alone ;  and  whatever  the  declination,  it 
alone  produces  an  effect  at  the  pole. 

*  If  the  moon's  declination  were  greater  than  22°  30 ',  c  might  be  less 
than  45°  from  M,  in  which  case  the  force  there  would  be  an  elevating  one. 
Again,  at  a  place  whose  latitude  was  greater  than  22°  30'  and  less  than  the 
moon's  declination,  the  moon's  least  nadir  distance  (=:ZN)  would  be  greater 
than  45°,  and  the  force  depressing. 


[     21.     ] 

III.   Oil  the  Mathematical  Theory  of  Atmospheric  Tides.     By  the 
Rev.  Professor  Challis,  M.A.,  LL.D.,  F.R.S.,  F.R.A.S* 

ri"^IIE  object  of  this  communication  is  to  indicate  a  method 
-L  of  deriving  the  solution  of  the  Problem  of  Atmospheric 
Tides  from  the  general  equations  of  Hydrodynamics.  I  have 
already  applied  the  same  method  to  Oceanic  Tides,  on  the  par- 
ticular suppositions  that  the  whole  of  the  earth's  surface  is 
covered  l)y  water  of  uniform  depth,  and  that  the  body  which  by 
its  attraction  produces  the  tides  revolves  in  the  plane  of  the 
earth's  equator.  (See  two  articles  in  the  Numbers  of  the 
Philosophical  Magazine  for  January  and  April  1870,  and  a 
Supplement  in  the  Number  for  June  1870.)  The  problem 
with  these  limitations  is  one  which  we  must  know  how  to 
treat  mathematically  before  we  can  hope  to  arrive  at  a  general 
theory  of  tidal  motion.  But  although  in  point  of  generality  this 
problem  is  a  step  in  advance  of  that  in  which  the  hypothesis  of 
an  "  equatorial  canal "  is  made,  its  solution  falls  far  short  of 
giving  results  in  accordance  with  the  facts  of  nature,  on  account 
both  of  the  irregularities  of  the  ocean-bed,  and  of  the  interrup- 
tion of  the  water-surface  by  islands  and  continents.  The  case, 
however,  is  not  the  same  with  respect  to  the  atmosphere,  which 
may  be  regarded  as  a  fluid  envelope  of  nearly  uniform  thickness, 
covering  the  whole  of  the  earth,  and  of  such  height  that  its  tides 
are  but  little  affected  by  the  irregularities  of  the  eartii's  surface. 
Accovdingly  the  following  mathematical  treatment  of  the  tides  of 
the  atmosphere  is  closely  analogous  to  that  which  was  applied  (I 
think,  not  unsuccessfully)  to  the  above-mentioned  hypothetical 
case  of  oceanic  tides. 

As  it  is  not  my  intention  to  discuss  the  problem  completely, 
but  rather  to  demonstrate  the  applicability  of  a  particular  pro- 
cess of  reasoning,  I  make,  for  the  sake  of  simplicity,  the  following 
suppositions: — (1)  The  inferior  boundary  of  the  atmosphere  is  a 
spherical  surface  the  radius  of  which  is  equal  to  the  earth's  mean 
radius;  (2)  the  attracting  body  is  the  moon  revolving  eastward 
al)out  the  earth  in  the  plane  of  the  equator  at  its  mean  distance 
with  its  mean  angular  velocity ;  (3)  the  earth  has  no  motion  of 
revolution,  the  moon  being  conceived  to  revolve  about  it  west- 
ward with  the  mean  relative  angular  velocity  (/x).  As  tidal  mo- 
tion is  oscillatory,  udx -\- vdy -\- wdz  is  assumed  to  be  an  exact 
differential  (r/0).  Centrifugal  force  will  be  left  out  of  account, 
i's  having,  under  the  above  conditions,  no  appreciable  effect  on 
the  oscillations.  The  relation  between  the  pressure  {p)  and 
density  (p)  is  assumed  to  be  always  p  =  a^p  at  all  points;  so  that 
the  effect  of  variations  of  temperature  is  not  considered.  This 
Communicated  by  the  Author. 
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being  premised,  the  following  known  differential  equations  to  the 
first  order  of  small  quantities,  expressed  in  the  usual  notation, 
will  be  employed  for  the  determination  of  the  motion  and  pres- 
sure : — 

d^_d^      (P^      d^  ,,. 

«Vf2  ~  dx^  "^   dy'  '^  dz^'      '     '     '     '     ^  ^ 

_-^m^Xdx^  +  Ydy  +  Zdz-d/4'      •     (^) 
p  -'  dt 

The  earth's  centre  being  the  origin  of  rectangular  coordinates, 
let  \  be  the  north  latitude,  and  9  the  longitude  west  from  Green- 
wich, at  the  time  t,  of  any  particle  of  the  fluid  distant  by  r  from 
the  origin.     Then 

a;  =  r  cos  Xcos  ^,     y  =  rcosXsin^,     ^  =  rsin\. 

The  impressed  forces  X,  Y,  Z  are  the  resolved  parts  of  the  earth's 
attraction,  and  of  the  moon's  attraction  relative  to  her  attraction 
on  a  particle  at  the  earth's  centre.  Hence,  if  G  and  m  be  respec- 
tively the  attractions  of  earth  and  moon  at  the  unit  of  distance, 
R  the  moon's  distance  from  the  earth's  centre,  and  ^it  her  an- 
gular distance  westward  from  the  meridian  of  Greenwich^  t  being 
the  time  reckoned  from  the  Greenwich  transit,  the  following 
equations  may  be  obtained  by  the  usual  process,  powers  of  the 
ratio  of  r  to  K  above  the  first  being  neglected : — 

X= — +  r^A  x{^co^^  fit— \)+  ^Ji^mfxf], 

Y=  -  -^  +  -^AV^  sm'^/xt-  I )  +  y  sin  ,xtj, 
rj  _       G^r      mz 


.3 


R^ 


Consequently  \.dx -^-X dy -\-TAdz  is  an  exact  diflferential,  and  the 
result  of  integrating  the  equation  (2),  regard  being  had  to  the 
expressions  for  x,  y,  aud  z,  will  be  found  to  be 

«2Nap.logp=^  +  |^(3cos^Xcos2(^-/.0-l)-^  +  t(0-(3) 

It  will  now  be  convenient  to  employ  the  equation  (1)  under 
the  form  it  takes  when  its  coordinates  are  transformed  into  ihe 
polar  coordinates  r,  6,  and  \.  This  form  of  the  equation  is,  us 
is  known, 

aHe  dr^    "^/-^cos^A,    ad'    ^  r^"    dX'  r>      ~d\' 

The  next  step  is  to  obtain,  by  a  particular  solution  of  this  equa- 
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tion,  the  expression  for  ^  which  is  appropriate  to  the  present 
problem.  This  might,  1  tliink,  be  eflfected  by  means  of  Laplace's 
coefficients;  but  in  the  treatment  of  the  problem  of  oceanic  tides 
I  was  led  to  the  required  expression  for  ^  by  a  particular  pro- 
cess, which  is  given  at  length  in  the  articles  in  the  Philosophical 
Magazine  already  cited.  The  solution  in  that  instance  suggested 
the  form  of  expression  which  I  now  assume,  namely 
r(f)=f{r)  cos'^  X  sin  2 {d- fit). 

This  value  of  r^  will  be  found  to  satisfy  the  foregoing  equation, 
provided  the  formof/(r)  be  determined  by  integrating  theequation 

Putting  for  shortness*   sake  q  forM —      \^  j  ,  the    integra- 
tion gives 

f{r)  =  rHCr?+C'ri), 
C  and  C  being  arbitrary  constants.     Consequently 

,f>  =  r-^{Cr^+  C'r'''^)cos'^Xsm2{0-fJit). 

I  take  occasion  here  to  say  that  this  value  of  (j),  which  will 
subsequently  appear  to  be  indispensable  for  accounting  theore- 
tically for  the  phenomena  of  atmospheric  tides,  has  not,  as  far  a3 
I  am  aware,  been  obtained  before. 

The  fraction  rrj^s-  is  so  exceedingly  small  that  without  sensible 

error  ^  =  1.     Hence,  for  the  present  purpose, 

<^  =  (Cr2  +  C'r-3)cos2\sin2(^-/LtO-  •  •  •  (4) 
Now  let  m'  be  the  velocity  of  the  particle  in  the  direction  of  r 
produced,  y'  its  velocity  in  the  direction  westward  from  the  me- 
ridian passing  through  its  position,  and  xd  the  velocity  northward 
along  that  meridian,  so  that 

[d^)  —  u'dr  +  r  cos  Xi^dO  +  riv'dX, 
an  exact  differential,  because  uda;  +  vdy  +  wdz  is  an  exact  differen- 
tial, whatever  be  the  directions  of  the  axes  of  rectangular  coordi- 
nates.    Hence,  from  the  equation  (4), 

ai'=  ^  =  (2C/—3C'0  cos^X  sin  2(^-^0, 


v'  = 


1       d^_ 


r  cos  X,  dO 


=  2{Cr  +  C'r-*)cos\cos2{e-fjLt), 


u^=l~  =  -{Cr  +  C'r-*)  sin  2\sin  2{d-fMt). 
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Also 

^  =  -2/i(Cr^  +  CV-')  cos2\cos2((9-/i0- 
at 

To  obtain  the  motion  and  density  of  the  fluid  at  any  point,  it  is 
now  only  required  to  find  the  values  of  the  arbitrary  quantities 
Cj  C,  and  -^{t)  from  the  given  conditions  of  the  problem. 

One  condition  is  that  at  the  earth's  surface  v!  is  constantly 
zero.     Hence,  if  the  earth's  radius  =b,  we  have 

2CZ--3C'6-^=0,  or  -g- =  ^• 
Hence,  by  eliminating  C, 

^=     2C('r-^4)cos2\sin2(^-/y.O/ 
and 

^  =  -2/xC('r^+  |^)cos^Xcos  2(^-/^0- 
For  determining  -^(Z)  we  may  employ  a  condition  indicated  by 
the  foregoing  expressions  for  v!,  v\  w',  and  -^,   namely    that 

these  quantities  are  all  constantly  zero  where  X=  ^ — that  is,  at 

the  pole  of  the  earth  and  in  the  fluid  column  incumbent  upon  it. 
Consequently  the  density  of  the  fluid  at  the  pole  will  be  con- 
stant; and  if  A  be  its  value,  we  have,  by  the  equation  (3), 

a^Nap.logA=|-||^  +  tW, 

which  proves  that  -y^[t)  is  independent  of  the  time.  By  elimi- 
nating this  quantity,  and  substituting  the  foregoing  value  of 

-y-,  the  equation  (3)  becomes 
«»Nap.log|-  =  -G(l-l-)  +  ^(«'+^'(l-3sin^X)) 

The  third  condition  necessarily  has  reference  to  the  circum- 
stances of  the  atmosphere  at  its  superior  limit.  On  the  hypo- 
thesis of  the  atomic  constitution  of  bodies,  it  may  be  shown  as 
follows  that  at  a  certain  height  the  atmosphere  must  terminate 
abruptly.  Conceive  a  horizontal  surface  to  be  drawn  through 
the  position  of  a  given  atom.  Then,  on  that  hypothesis,  the 
upward  accelerative  force  due  to  the  molecular  action  of  the 
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atoms  below  the  surface  will  exceed  the  downward  accelerative 
force  due  to  that  of  the  atoms  above  by  just  the  accelerative 
iorcKi  of  gravity.  Consequently,  if  by  reason  of  the  diminution 
of  the  density  the  former  force  eventually  becomes  only  equal  to 
the  force  of  gravity,  it  is  evident  that  there  can  be  no  more 
downward  molecular  action,  and  that  thus  a  superior  limit  of  the 
fluid  will  be  reached.  Also,  since  at  the  very  boundary  the 
density  cannot  be  finite,  there  will  be  an  abnormal  increase  of 
density  downwards  from  the  boundary,  where  it  is  zero,  to  a  cer- 
tain small  distance  at  which  the  variation  of  density  becomes 
regular — that  is,  unaffected  by  the  abrupt  teruiination.  Within 
this  stratum,  which,  although  extremely  thin,  must  be  supposed 
to  exceed  in  extent  the  sphere  of  molecular  action  on  a  given 
atom,  the  Variation  of  density  satisfies  the  condition  of  making 
the  upward  molecular  action  on  each  atom  exceed  the  downward 
by  just  the  force  of  gravity.  If  5  be  the  density  at  the  distance 
V ,  where  the  variation  ceases  to  be  abnormal,  the  result  there  of 
the  combined  action  of  the  molecular  forces  and  the  force  of  gra- 
vity is  equivalent  to  a  pressure  a^h  applied  at  all  points  of  the 
surface  of  radius  b' ,  and  the  terminal  density  may,  without  sen- 
sible error,  be  supposed  to  have  the  finite  value  h.  Although 
this  reasoning  applies  strictly  to  a  state  of  equilibrium  of  the 
atmosphere,  it  will  clearly  not  be  perceptibly  affected  by  the 
slow  oscillatory  motions  we  are  considering. 

It  may  here  be  stated  that  the  idea  of  a  particular  molecular 
condition  at  the  superior  boundary  of  the  atmosphere  was  enter- 
tained by  Poisson,  and  that  it  was  regarded  by  him  as  analogous 
to  a  gradation  of  superficial  density  assumed  to  exist  at  the  sur- 
faces of  liquids  and  solids.  In  these  substances,  however,  the 
gradation  of  density  would  be  maintained  by  combined  molecular 
attraction  and  repulsion,  independently  of  the  force  of  gravity. 

Supposing,  therefore,  b'  to  be  the  value  of  r  for  the  top  of  the 
aerial  column  which  has  its  base  at  the  earth's  pole,  according 
to  the  foregoing  argument  the  equation  (5)  gives 

«''Nap.log|=-G(|-i,)-^r-4'), 

which  deteruiines  the  relation  between  the  terminal  density  5 
and  V —b  the  height  of  the  atmosphere. 

This  being  understood,  since  a  particle  at  the  superior  surface 
may  be  assumed  to  remain  at  the  surface  in  successive  instants, 

we  shall  have,  with  respect  to  such  a  particle,  f  y  j  =  0,  because 

the  superficial  density  will  at  all  points  be  the  same  in  successive 
instants,      llcncf,  differentiating  the  equation  (5)  with  respect 
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both  to  space  and  time,  putting  for  -r.  or  -—  the  foregoing  value, 
and  b'  for  ?•,  and  omitting  terms  of  the  second  order  with  respect 
to  m,  it  will  be  found  that  the  condition  (  j^j  =0  gives  the  fol- 
lowing equation  for  determining  C  : — 

\        b'^  G      I   "^  36'Vy~'4GR3' 

Thus  the  three  arbitrary  constants  have  been  determined,  and 
at  the  same  time  the  general  hydrodynamical  equations  (1)  and 
(2)  are  satisfied.  It  might  hence  be  argued  that  the  solution 
we  have  obtained  is  by  this  means  proved  to  be  the  true  one, 
inasmuch  as  only  one  solution  can  satisfy  all  the  conditions  re- 
quired to  be  fulfilled.  It  will,  however,  be  worth  while  to  test 
this  inference  by  other  considerations. 

First,  it  may  be  remarked  that  C  becomes  infinite  if  the  factor 

which  multiplies  it  vanishes.     Putting  cc  for  ~r,  this  will  be  the 

case  if 

5     -      2/^^6/  g  ,   2^\ 

Q     \ 


3 

82 


79 
Since  ^  =  32'19l   feet,  /j,=  —  x    the  earth's  rotation  in   one 


second,  and  6  =  3956  miles,  it  follows  that =  ,  ^ ,  and  the 

ff  l5o-7 

value  of  X  which  satisfies  the  above  equation  will  be  found  to  be 
1  +  -r^  nearly.     Consequently 

b'  —  b=  -    '      =:8'58  miles  nearly. 

Hence,  if  the  height  of  the  atmosphere  had  this  particular  value, 
C  would  be  infinite,  and  there  would  be  unlimited  tide.  Ac- 
cording as  C  is  positive  or  negative,  b'  —  bis  greater  or  less  than 
this  quantity.  Hence  for  the  atmosphere  C  is  positive,  its  height 
being  known  to  be  much  greater  than  8*6  miles. 

It  is  remarkable  that  the  theory  of  oceanic  tides  conducted  to 
a  like  critical  value  of  the  depth  of  the  ocean,  and  in  amount 
very  nearly  the  same  as  this  critical  height  of  the  atmosphere. 
The  reason  is,  that  for  this  particular  depth  of  the  ocean,  or 
height  of  the  atmosphere,  the  rate  of  propagation  of  waves,  as 
due  to  the  action  of  gravity  independently  of  the  elasticity  of  the 
medium,  is  very  nearly  the  same  as  the  rate  of  the  relative  rota- 
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tion  of  the  moon  about  the  earth,  in  consequence  of  which  the 
moon's  attraction  might  produce  an  accumulation  of  waves  to  an 
unlimited  extent.  That  the  rate  of  this  kind  of  propagation  is 
independent  of  the  density  of  the  medium  is  proved  experimen- 
tally by  the  fact  that  mercury  and  water  are  propagated  at  the 
same  rate  in  a  rectangular  trough  by  the  action  of  gravity,  if 
only  the  depths  of  the  fluids  be  the  same.  With  respect  to  an 
unlimited  ocean,  if  the  uniform  depth  be  less  than  the  critical 
value  8-5  miles,  as  is  the  case  for  the  mean  depth  of  the  actual 
ocean,  C  is  negative. 

If  after  putting  5  for  p  in  the  equation  (5)  the  value  obtained 

above  be  substituted  for  a^  Nap.  log  -r,  and  if  U  be  put  for  r  in 

the  small  terms,  the  equation  of  the  upper  surface  of  the  atmo- 
sphere will  be  found  to  be 

r=i'+|g|^,cos^X+^(l-|J)cos^Xco32(^-/.0. 
Hence  as  C  is  positive,  high  tide  occurs  when  6  —  fit  —  O — that 
is,  at  syzygies;  and  low  tide  when  d—fit^=  ^,  or  at  quadratures. 

(The  contrary  is  the  case  for  ocean  tides,  because  with  respect  to 
the  actual  ocean  C  is  negative.)  The  difference  between  the 
high  and  low  tides  at  the  equator  is 

2Cb'f   _  ^\ 
,M    \        b'^r 

Again,  supposing  p'  to  be  the  density  of  the  atmosphere  at  any 
point  of  the  earth's  surface,  the  same  equation  (5)  gives 

a^Nap.log^  =  -^^cos^X-^  \^U^'^  — g- J cos'Xcos 2(^-^0 • 

On  the  equator  let  /3'  =  A(l  +  eJ  at  syzygies,  and  p'=A(l  +  e2) 
at  quadratures,  e,  and  e^  being  extremely  small  fractions.  Then, 
if  we  suppose  that  a'^=ghJ),  h  being  the  mean  height  of  the  mer- 
cury column  and  D  its  density,  we  shall  have  for  calculating 
A(e,  — ej,  which  is  the  excess  of  the  height  of  the  barometer  at 
syzygies  above  that  at  quadratures,  the  formula 

AA/3m^       20AtC6\ 
%V2lt=*  ^      3      / 

To  obtain  the  foregoing  results  in  an  arithmetical  form,  it  would 
be  necessary  to  ascertain  the  numerical  value  of  C.  As  this 
constant  depends  on  the  height  of  the  earth'"s  atmosphere,  which 
is  an  unknown  element,  I  propose  to  perform  the  calculations  on 
the  hypothesis  that  the  height  of  the  atmosphere  is  sixty  miles. 
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For  this  purpose  we  have  6  =  3956  miles,  A'=4016  miles, 

//,=  5-:  X  the  earth  s  rate  ot  rotation,  and^^-^.^  =  —  =  oi  r  «  '> 
oZ  Kx  g         oll'4 

and  it  will  be  assumed  that   r^  =  ttt^  and  ^  =  ^^-      With 

these    data    the    calculation    from    the    formula    for    C    gives 
rj 

=  0-0000008296.      Hence  from  the  foregoing  formulae  the 

^        . 

following  results  may  be  obtained: — 

For  the  equation  of  the  surface, 
r-6'=l-0841  ft.  cos2\+ 1-2753  ft.  cos^X cos 2(^-/^0; 
The  difference  between  high  and  low  tide  =2-5507  ft. ; 
The  barometer  is  higher  at  syzygies  than  at  quadratures  by 
0-00278  in. 

Also,  from  the  equation  which  gave  the  relation  between  the 
terminal  density  8  and  the  height  b'  —  boi  the  atmosphere,  it  is 
found,  by  calculating  on  the  supposition  of  a  height  of  sixty  miles, 
that  S  is  equal  to  one  six-millionth  part  of  the  density  A  at  the 
surface. 

These  results  do  not  admit  of  comparison  with  observation, 
excepting  in  the  case  of  the  difference  of  barometric  heights. 
By  observations  made  at  St.  Helena,  first  by  Captain  Lefroy  and 
afterwards  by  Captain  Smythe,  the  details  of  which  are  given  by 
Sir  Edward  Sabine  in  the  Philosophical  Transactions  for  1847 
(p.  45),  it  appears  that  the  height  was  greater  at  syzygy  than 
at  quadrature  by  0-00365  in.  Nearly  contemporaneous  obser- 
vations (1841-45)  made  by  Captain  Elliott  at  Singapore  gave  a 
difference  equal  to  000570  in.  (see  the  Philosophical  Transac- 
tions for  1852,  p.  125).  Both  these  values  exceed  that  given 
by  the  theory  on  the  hypothesis  of  an  atmosphere  sixty  miles 
high.  By  assuming  a  less  height  a  nearer  agreement  with  ob- 
servation would  be  obtained.  So  far,  therefore,  as  the  theory 
is  trustworthy,  we  may  infer  from  it  that  the  height  of  the 
atmosphere  is  less  than  sixty  miles. 

Thus,  although  the  theory  cannot  be  put  to  a  strict  numerical 
test,  inasmuch  as  it  makes  the  high  tide  of  the  atmosphere 
occur  under  the  moon  it  is  so  far  confirmed  by  observation.  I 
think  also  that  it  may  be  regarded  as  no  little  confirmation  of 
the  theory  that  it  explains  why  in  this  particular  the  tide  of  the 
atmosphere  differs  from  that  of  an  unlimited  ocean  of  uniform 
depth  less  than  8*5  miles,  for  which  there  would  be  low  tide 
under  the  moon. 

The  foregoing  paper  was  read  in  the  Mathematical  Section,  at 
the  Meeting  of  the  British  Association  at  Edinburgh ;  and  an 
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abstract  of  it  will  appear  in  the  '  Report '  for  1871.  My  reason 
for  publishing  it  in  extenso  at  the  present  time  is  that  I  propose 
to  njake  use  of  the  results  relating  to  the  variations  of  atmo- 
spheric pressure  due  to  the  moon's  attraction  in  a  discussion  of 
the  hydrodynaniical  theory  of  magnetism,  and  was  desirous  of 
previously  exhibiting  the  mathematical  reasoning  by  which  the 
results  are  obtained.  In  my  work  on  the  Principles  of  Ma- 
thematics and  Physics  (pp.  6G2-G(J5),  I  have  attempted  to  ac- 
count tor  the  lunar  diurnal  variation  of  terrestrial  magnetism 
by  attributing  it  to  the  gradations  of  the  pressure  of  the  earth's 
atmosphere  caused  by  the  moon's  gravitation  ;  but  at  that  time 
I  was  not  acquainted  with  the  proper  method  of  ascertaining 
theoretically  the  laws  of  the  moon's  disturbance  of  the  atmo- 
sphere. This  problem  having  been  subsequently  solved  by  the 
method  explained  in  this  communication,  I  then  found  that 
the  resulting  laws  and  amount  of  the  variation  of  the  atmo- 
spheric pressure  fail  to  account  for  the  observed  laws  of  lunar 
diurnal  variation  of  magnetism.  The  consequent  necessity  of 
abandoning  this  mode  of  explaining  the  phenomena  has  led  to 
a  considerable  modification  of  the  views  contained  in  the  same 
work  (pp.  670—676)  respecting  the  causes  of  cusmical  magnetism, 
the  particular  reasons  for  which  I  hope  to  be  able  shortly  to  ex- 
plain in  the  course  of  a  general  review  of  the  Hydrodynamical 
Theory  of  Magnetism. 

Cambridge,  December  8,  1871. 


IV.  Description  of  a  new  Anemometer  for  Indicating  and  Regis- 
tering the  Force  and  Direction  of  the  If  ind  at  any  distance  from 
the  Vane,  ^c,  the  communication  being  made  by  means  of  Elec- 
tric Wires  and  without  the  aid  of  Shafting.  Invented  by  i.  E. 
H.  Gordon,  late  of  King's  College,  Lotidon^. 
[With  a  Plate.] 

THE  object  of  this  instrument  is  to  do  away  with  the  neces- 
sity of  the  shaft  hitherto  required  for  anemometers  indi- 
cating at  a  distance.  Several  anemometers  for  communicating 
force  by  electricity  have  been  invented  in  the  last  year  or  two ; 
but  this  is,  I  think,  the  first  time  that  direction  also  has  been 
communicated  and  printed  by  the  electric  currentf. 

•  Communicated  by  the  Author. 

t  Since  the  above  was  in  tyjie  the  Rev.  S.  J.  Perry  has  had  the  kind- 
ness to  send  me  u  (lescription  ot'Padre  Secchi's  JMc'tt'orogruphe,  which  con- 
tains an  electrical  anenionietcr.  In  this  (to  quote  Padre  Secchi's  descrip- 
tion), 

.  ..."  La  direction  du  vent  est  enregistree  jiar  quatre  te'legraphes. 
EUe  est  obteiuie  au  moyen  d'une  girouctte  a  la  jiroue  de  laquelle  on  donue 
une  forme  angulaire   atiu  de  dimiuuer  les   oscillations.     Au  pied^de  la 
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The  best  diroction-insti'unient  at  present  in  nse  is  that  in- 
vented by  Messrs.  Bcckley  and  Casclla,  in  which  a  moving  chain 
is  substituted  for  the  shaft.  In  this,  however,  there  must,  I 
think,  be  some  momentum,  and  the  chains  must  pass  in  an 
approximately  straight  hnc  from  the  vane  to  the  printing- 
instrument. 

^  In  the  electrical  anemometer  there  is  no  momentum  whatever. 
The  (four)  wires  being  stationary,  can  pass  anywhere  Avhere 
most  convenient ;  for  instance  they  can  come  down  outside  the 
house  and  enter  through  a  gimlet  hole  in  the  window-frame. 

The  cups  and  fans  can  be  placed  at  any  distance  from  the 
printing-instrument.  For  instance,  the  vane  might  be  at  Ports- 
mouth and  the  printing-instrument  in  the  meteorological  office 
in  Westminster'^'.  Very  small  battery-power  is  required;  six 
Walker  cells  aroused,  with  acid  diluted  14  to  1,  equal  to  rather 
less  than  one  Grove's  cell. 

The  direction-apparatus  is  moved  by  a  set  of  Beckley  fans^ 
the  force  by  a  set  of  Robinson's  cups. 

The  mechanism  is  as  follows  : — 

The  Directio7i  Contact-apparatus. 

On  the  axis  (Plate  I.  fig.  1)  of  the  fans  is  a  crown  cog-wheel 
with  256  teeth,  which  gear  into  a  wheel  of  16  teeth,  giving  a  mul- 

256 
tiplying-power  of  — —  =16,  thus  causing  a  horizontal  axis  to  re- 
volve once  every  time  the  hand  moves  a  point — that  is,  counting 

girouette,  et  placee  a  I'air  libre,  est  im  rose  de  qiiatre  sccteurs  metalliques 
garnis  de  ])latine,  centre  laquelle  vient  s'appuyer  uue  languette  fixee  sur 
I'arbre  de  la  girouette. 

"  L'appareil  est  muni  de  quatre  telegraphes  dont  les  electros  sont  respec- 
tivement  eu  communication  avec  les  quatre  secteurs ;  cliacun  des  quatre 
telegraphes,  en  faisant  osciller  son  levier  selon  la  direction  dans  laquelle  la 
girouette  ferme  le  circuit,  donne  I'un  des  quatre  vents  ])rinci))aux.  Les 
vents  intcrmediairesaux  quatre  principaux  s'obtiennent  par  la  combinaison 
des  deux  voisius.  Cette  combinaison  se  produit  soit  ])ar  roscillatiun  de  la 
girouette,  soit  par  I'indication  simultance  de  deux  telegraphes. 

"  L'exporience  a  prouve  que  dans  la  ])ratique  ce  systeme  satisfait  aux 
besoins  dela  science  nieteorologique  actuellc." — Eludes  Relir/ieiises,  Histo- 
riijues  et  JAtteraires,  par  les  Peres  de  la  Compagnie  de  Jt'sus. 

In  this  it  will  be  seen  that  five  wires  (four  line  and,  of  course,  a  return) 
are  employed  to  give  8  points  of  the  compass.  My  instrument  gives  \G 
or  32  points  with  three  wiics.  The  ])aper  on  wliich  the  wind  is  recorded 
in  Padre  Secchi's  instrument  has  to  be  changed  every  ten  days.  The  in- 
strument also,  as  far  as  I  understand,  works  with  a  closed  circuit.  The 
contact-breaVer,  however,  is  no  doubt  simpler  than  mine,  and  has  the  ad- 
vantage of  using  a  vane  instead  of  Bcekley  fans. — J.  E.  II.  G.,  December 
16,  1H71. 

*  In  the  instrument  lately  erected  at  Eton  the  fans  and  cups  are  45 
yards  from  the  registering  instrument. 
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IG  points  to  the  compass;  the  instrument  can,  liowever,  be 
made  to  give  32  or  ()i  if  required.  On  this  axis  are  two  con- 
tact-breakers ;  one  makes  a  contact  for  each  complete  revolution 
in  one  direction,  the  other  for  each  complete  revolution  in  the 
other  direction. 

The  contact-breakers  consist  of  two  ebonite  disks.  Fig.  2  is 
a  front  view  of  one  of  the  disks.  In  the  surface  of  it  are  turned 
two  grooves — one  concentric  with  the  axis  of  the  disk,  the  other 
excentric  and  of  larger  radius  than  the  first ;  the  two  grooves 
run  into  each  other  for  rather  more  than  half  their  circurafc* 
rencc.  In  the  grooves  are  two  slides  or  valves;  these  move  on 
a  pin  at  one  end,  the  other  end  has  a  piece  of  -wire  fastened  to 
it;  this  wire  passes  through  a  little  curved  slot  at  the  bottom  of 
the  groove  (the  radius  of  curvature  equals  the  length  of  the 
valve) ;  the  wire  projects  right  through  the  slot,  and  is  pressed 
on  by  a  spring  fixed  on  the  back  of  the  disk.  In  one  of  the 
disks  the  valves  are  pressed  by  the  springs  into  the  positions 
shown  in  fig.  2 ;  in  the  other  disk  the  springs  press  them  in  the 
opposite  direction. 

Near  the  disks  are  slips  of  thin  brass  fixed  on  little  upright  pil- 
lars and  insulated  from  one  another.  The  ends  of  the  brass  slips 
are  fixed  at  right  angles  to  them,  and  dip  into  the  grooves.  The 
ends  are  made  circular,  and  can  revolve  so  as  to  lessen  the  friction 
against  the  sides  of  the  grooves.  "When  the  disk  a  revolves  in  the 
direction  of  the  arrow,  the  point  of  its  brass  slip  is  caused  by  the 
valve  to  travel  in  the  concentric  inner  groove  and  no  effect  is 
produced.  When,  however,  the  disk  turns  in  the  direction  op- 
])Osed  to  the  arrow,  the  point  travels  in  the  excentric  outer 
groove,  the  brass  slip  is  depressed,  a  platinum  button  on  it 
presses  on  a  corresponding  platinum  point  on  a  spring  placed 
just  below  the  brass  slip,  and  a  current  passes  between  the  points. 
The  valves  of  the  two  disks  are  so  arranged  that  the  direction  of 
motion  which  makes  contact  by  one  disk  does  not  make  contact 
by  the  other,  and  vice  versa. 

The  weight  at  the  left-hand  side  of  fig.  1  is  most  important. 
It  revolves  wiih  the  disks,  and  prevents  the  vane  ever  stopping 
with  either  point  in  contact.  If  it  were  not  for  this,  the  points 
might  remain  in  contact,  and  a  battery  which  ought  to  last  six 
months  would  be  worked  out  in  an  hour  or  two.  It  also  pre- 
vents the  vane  nuiking  a  contact  and  then  going  back  without 
])assing  a  whole  point. 

In  order  that  the  weight  may  work,  the  crown  wheel  is  not 
rigidly  keyed  on  to  the  axis,  but  lias  two  stops  fixed  on  it  a 
short  distance  apart;  a  pin  fixed  to  the  axis  ju'ojects  between 
the  two  stops.  The  crown  wheel  has  a  play  which  is  made  equal 
to  half  a  revolution  of  the  disks. 
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When  the  wind  changes,  the  pin  fixed  on  the  vertical  axis 
moves  forward  till  it  comes  to  one  of  the  stops ;  then,  pushing 
on  the  stop,  it  moves  the  crown  wheel  and  causes  the  disks  to 
revolve  and  raise  the  weight.  As  soon,  however,  as  the  weight 
has  passed  the  top,  it  falls  over,  moving  the  crown  wheel  and 
causing  the  stop  to  gain  a  little  on  the  pin ;  the  disks  then 
remain  at  rest  till  the  pin  has  again  overtaken  the  stop. 

The  disks  are  so  adjusted  that  contact  is  always  commenced 
after  the  weight  has  begun  to  fall,  and  finished  before  the  weight 
has  quite  done  falling. 

Thus  a  perfectly  uniform  and  steady  contact  is  obtained. 

The  Dial  and  Registering  Instrument  (figs.  3  and  4). 
The  Dial. — On  the   stand  of  the  dial  instrument   are  two 
electromagnets  placed  horizontally.     Opposite  the  poles  of  these 
are  armatures  hinged  to  the  base;  these  form  parts  of  levers,  the 
upper  parts  of  which  are  of  thin  brass. 

At  the  top  of  each  lever  is  a  kind  of  brass  claw  hinged  so  that 
it  can  rise  a  little,  but  prevented  by  the  hinge  from  falling  below 
a  certain  position.  Fixed  rather  lower  down  on  the  lever  is  an- 
other brass  claw  of  the  form  shown ;  opposite  to  the  claw  is  a 
ratchet-wheel  with  sixteen  teeth  (as  shown).  When  a  current 
passes  in  the  magnet  the  armature  is  attracted,  the  point  moves 
the  ratchet-wheel  on  one  tooth,  the  hinge  allowing  it  to  rise  over 
the  top  of  the  wheel ;  at  the  same  time  the  stop  (or  lower  claw) 
prevents  it  moving  more  than  one  tooth.  When  the  current 
ceases,  the  armature  is  drawn  back  by  a  spring ;  a  set  screw  pre- 
vents the  armature  going  back  too  far.  The  two  wheels  and  the 
hand  are  fixed  on  one  axis,  the  wheels  being  placed  as  near 
together  as  the  thickness  of  the  magnets  will  allow. 

A  slight  spring  with  a  friction-roller  at  the  end  of  it  is  so 
arranged  that  the  roller  rests  between  two  of  the  teeth  of  one 
of  the  ratchet-wheels ;  this  keeps  the  wheel  always  in  the  right 
position  for  receiving  the  push  on  the  lever.  The  wheels  are 
made  adjustable  on  the  axis  by  means  of  set  screws,  partly  that 
the  roller  in  patting  one  wheel  into  position  may  also  adjust  the 
other,  and  partly  that  the  hand  may  be  made  to  rest  at  the  even 
points. 

One  magnet  drives  the  hand  in  one  direction ;  the  other  drives 
it  in  the  other  direction. 

This  is  the  indicating  part  of  the  instrument ;  it  can  be  used 
without  the  registering  part.  When  registration  is  required  the 
following  arrangement  is  used. 

The  Printing  Apparatus. — The  axis  of  the  hand  is  prolonged 
backwards,  and  a  type-wheel  embossed  with  the  sixteen  points  of 
the  compass  is  fixed  on  it  in  such  a  position  that  the  point  to 
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whicli  tlie  hand  is  point  iiiir;  sluill  be  at  the  bottom  of  thetype-wlieel. 
Close  behind  this,  and  with  its  lower  edge  coming  a  little  below 
the  lower  edge  of  the  direetion  type-wheel,  is  a  wheel  embossed 
with  the  hours  from  I  to  XII.  Tliis  is  fixed  on  the  hour-axis  of  a 
rather  powerful  clock;  a  wheel  of  iinj)olished  boxwood  is  kept  by 
a  spring  pressed  up  against  its  lower  edge*.  Underneath  the  di- 
rection-wheel, but  not  touching  it,  is  a  little  stamper  faced  with 
boxwood ;  under  the  stamper  is  a  lever,  to  which  is  attached 
nil  armature  which  rests  over  an  electromagnet.  Inside  the 
clock,  on  one  of  the  axes  (whicli  revolves  once  in  an  hour)  is  an 
ivory  wheel  with  two  small  platinum  studs  on  its  edge  0])po- 
site  to  each  other;  a  little  spring  with  a  platinum  point  presses 
on  its  edge.  This  is  connected  to  the  stamper-magnet,  and  at 
each  half  hour  sends  through  it  a  current  of  about  two  seconds' 
duration,  which  presses  the  stamper  up  against  the  direction 
type-wheel.  The  paper  is  wound  on  two  large  reels  ;  it  consists 
of  a  continuous  band  of  white  paper,  and  a  similar  band  of  black 
copying-paper.  The  two  papers  were  at  first  wound  together  on 
one  reel ;  but  it  was  found,  when  they  had  been  together  for  some 
time,  that  the  oil  from  the  black  paper  soaked  into  and  dirtied 
the  white  paper.  To  avoid  this  Mr.  Apps  has  arranged  to  wind 
the  papers  on  separate  reels,  the  reel  of  black  paper  being  placed 
immediately  above  the  reel  of  white  jiaj^er.  The  papers  pass 
between  the  hour  tyjie-whecl  and  its  spring  roller.  The  clock 
as  it  turns  draws  the  papers  through  (the  black  being  uppermost), 
and  prints  off  the  hours  on  the  white  paper.  Each  half  hour 
the  stamper  is  raised  and  prints  off  whatever  letter  on  the  di- 
rection-wheel is  at  the  bottom  at  the  moment. 

The  stamper,  however,  continues  raised  for  nearly  two  seconds. 
If  the  wind  were  to  change  during  that  time  the  lever  would  not 
be  able  to  move  the  hand,  as  it  would  be  jammed  by  the  stamper. 
To  avoid  this  source  of  error,  the  current  which  works  the  driving- 
magnets  is  made,  on  its  way,  to  pass  round  another  little  magnet ; 
the  armature  of  this  magnet  is  kept  by  a  spring  against  a  j)la- 
tinum  point.  The  current  which  works  the  stamper-magnet 
has  on  its  way  to  pass  from  this  point  to  the  armature.  Sup- 
pose the  stamper  to  be  raised  and  a  current  to  pass  round  one 
■>f  the  driving-magnets  ;  it  passes  round  the  safety-magnet,  pulls 
the  armature  away  from  the  platinum  point,  breaks  the  current 
in  the  stamper-magnet,  releases  the  stam[)cr,  and  allows  the 
hand  to  move  (see  fig.  6). 

The  Force- opparat us. 

The  contact-breaker  is  shown  in  ])lan,  fig.  5.    It  consists  of  a 
set  of  Robinson's  cups,  connected  by  the  usual  gearing  to  a  box- 
*  See  note  at  end  of  paper. 
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wood  wheel  which  revolves  once  for  every  mile  of  wind.  This 
wheel  has  a  deep  reetangular  groove  cut  round  its  cireumference  ; 
in  it  at  one  part  is  placed  an  inclined  ])lanc  or  wedge  of  gentle 
slope  and  square  at  the  end;  as  the  wheel  revolves,  the  pointed 
end  of  the  wedge  goes  first.  The  height  of  the  plane  is  a  little 
less  than  the  breadth  of  the  groove.  Just  beyond  the  wedge,  at 
the  square  end  of  it,  a  little  piece  of  platinum  islet  into  the  bot- 
tom of  the  groove  and  connected  through  the  axis  of  the  disk  to 
a  binding- screw  on  the  base. 

Fixed  on  an  upright  is  a  lever  (shown  broken  in  the  drawing) 
carrying  a  platinum  pin,  which  dij)s  into  the  groove  and  can 
play  from  side  to  side  of  it.  An  armature  is  attached  to  the 
lever,  and  a  small  electromagnet  is  placed  near  it. 

In  the  registering  instrument  is  an  electromagnet,  whose  ar- 
mature can  slide  uj)  and  down  in  vertical  guides.  A  bar  passes 
downwards  from  the  armature,  and  terminates  in  a  point  just 
above  the  paper  and  between  the  two  type-wheels.  It  is  kept 
off  the  paper  by  a  spring;. 

When  the  contact-disk  revolves,  the  platinum  dot  travels  for- 
ward till  it  reaches  the  pin  attached  to  the  lever;  a  current  then 
passes  through  both  electromagnets.  In  the  registering  instru- 
ment a  dot  is  made  on  the  paper,  while  the  contact-breaker  mag- 
net draws  the  lever  across  the  gicove  and  pulls  it  out  of  contact. 
AVhen  the  disk  has  nearly  completed  another  revolution  the  pin 
comes  to  the  inclined  plane,  and  is  by  it  pushed  back  across  the 
groove  ready  for  another  contact.  By  this  method  no  work  is 
expended  in  raising  a  weight  or  spring  to  prevent  the  points  re- 
maining in  contact ;  each  dot  on  the  paper  thus  represents  one 
mile  of  wind.  Thus  the  time,  force,  and  direction  of  the  wind 
are  printed  side  bv  side.  A  specimen  of  the  record  is  shown  in 
fig.  4. 

Instead  of  the  two  papers  coming  out  together  (in  which  case 
the  record  is  hidden  by  the  black  paper  for  two  days  after  being 
printed),  the  black  paper  immediately  after  leaving  the  type- 
wheels  is  carried  upwards  back  over  the  top  of  the  instrument 
and  down  behuid  the  reels,  where  it  passes  out  through  a  slot  in 
the  base.  The  papers  are  kept  tight  by  little  weights  attached 
to  their  ends  by  clips. 

I  cannot  conclude  this  paper  without  expressing  my  obliga- 
tions to  Mr.  Apps  for  the  skill  and  care  which  he  has  displayed 
in  the  manufacture  of  the  instrument. 

July  1871. 

Note  added  NcvcmJjer  12,  1871. 

Four  of  these  instruments  have  now  been  made,  two  ])rinting 
and  two  simply  indicating.     They  all  act  exceedingly  well.     Of 
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the  printing  instruments,  one  was  erected  in  July  at  the  new 
laboratory  at  Eton  College ;  the  other,  made  for  Lord  Lindsay, 
has  not  yet  been  ereeted,  but  has  been  at  work  for  six  or  eight 
weeks  at  Mr,  Apps's.  In  the  last-named  instrument  a  clock-face 
has  been  placed  in  front  of  the  force  printing-magnet,  showing 
the  hour  being  printed;  and  a  lever-handle  with  a  catch  has 
been  added  for  pressing  down  the  sjjriug  roller  beneath  the  hour- 
wheel  for  the  purpose  of  introducing  new  papers  easily.  The 
reels  hold  a  supply  of  paper  for  three  or  four  months. 


V.  On  the  Mechanical  Impossibility  of  the  Descent  of  Glaciers 
by  their  IVeiyht  only.  By  Henry  Moseley,  Canon  of  Bris- 
tol, F.R.S.,  andCorresj)ondin(j  Member  of  the  Institute  of  France, 
in  answer  to  Mr.  Mathews*. 

N  order  that  the  question  of  the  possibility  of  the  descent  of 
glaciers  by  their  weight  only  may  be  discussed  as  one  of  exact 
science,  it  is  necessary  that  some  geometrical  form  be  assigned  to 
a  glacier.  I  have  assumed  the  simplest.  I  have  imagined  a  glacier 
having  a  uniform  rectangular  cross  section  of  equal  roughness, 
and  of  a  constant  slope  and  direction.  My  argument  is,  1st,  That 
it  is  impossible  such  a  glacier  should  descend  with  that  differen- 
tial motion  which  is  characteristic  of  the  descent  of  glaciers  by  its 
weifjJit  only;  2ndly,  That,  this  being  impossible  with  a  glacier  of 
a  uniform  section  and  constant  slope  and  direction,  it  is  impos- 
sible afurtiori  with  an  actual  glacier  of  a  variable  slope,  section, 
and  direction. 

No  question  appears  to  me  to  have  been  raised  by  Mr.  Ma- 
thews and  the  other  gentlemen  who  have  done  me  the  honour  to 
answer  my  paper,  as  to  whether,  admitting  my  first  conclusion, 
the  second  necessarily  follows  from  it.  They  have  not  denied 
that  if  it  be  true  that  a  glacier  could  not  descend  by  its  weight 
in  my  imaginary  channel,  it  follows  a  fortiori  that  it  could  not 
descend  in  a  channel  such  as  the  actual  channels  of  glaciers  are. 
A^'hat  I  propose  now  to  do  is  therefore  to  answer  their  objections 
(and  specially  those  of  Mr.  Mathews)  to  my  first  conclusion,  that 
in  a  uniform  rcctangularchannel  of  constant  direction  and  of  a  con- 
stant slope  equal  to  that  of  the  Mer  de  Glace  it  is  im))0ssible  that 
a  glacier  should  descend  by  its  weight  only.  Mr.  Mathews  will, 
I  thiidv,  admit  that  in  the  descent  of  such  a  glacier  the  motions 
of  difl'errnt  points  in  a  straight  line  drawn  across  its  surface  at 
right  angles  to  its  axis  would  be  diff"erent  but  parallel  to  one 
another,  like  those  of  the  surface  of  a  stream  of  water  flowing  in 
such  a  channel — and  that  they  would  be  different  and  parallel  to 

*  C'uiuiuunicatcd  bv  the  Author. 
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one  another,  not  only  upon  the  surface  but  beneath  it,  those  on 
the  surface  that  are  nearer  to  the  axis  moving  faster  than  those 
more  remote,  and  those  below  the  surface  that  are  nearer  to  it 
moving  faster  than  those  deeper  down*. 

This  differential  motion  supposes  the  displacement  of  infinitely 
thin  longitudinal  strips  of  the  ice  in  the  direction  of  the  length  of 
the  glacier  side  by  side  and  over  and  under  one  another.  The  force 
(in  the  nature  of  pressure)  which  opposes  itself  tothis  displacement 
1  call  shear ;  and  I  obtain  the  unit  of  shear  by  a  direct  experiment 
of  the  resistance  to  the  shearing  of  two  parts  of  the  same  piece  of 
ice  upon  one  another  by  means  of  an  apparatus  specially  con- 
structed for  that  purposet,  precisely  as  in  this  glacier  contiguous 
strips  of  ice  are  in  their  differential  motion  supposed  to  be  sheared. 
I  have  not  found  this  unit  of  shear  to  be  in  any  case  more  than 
3  lbs.  less  than  75  lbs.  per  square  inch  in  ice  presumably  of  the 
temperature  of  32°  Fahr.;  but  I  have  found  it  to  be  considerably 
greater  in  ice  of  a  lower  temperature  J. 

The  unit  of  shear  being  known,  and  the  differential  motion  of 
the  glacier,  it  is  possible  to  determine  the  work  expended  on 
shearing  through  any  distance  of  its  descent.  If  its  weight  be 
the  only  force  which  causes  it  to  descend,  then  the  work  of  its 
weight  through  this  descent  must  at  least  equal  the  work  of  its 
shearing.  But  it  is  actually  far  less  than  it ;  it  is  less  than  one 
thirtieth  of  it.  It  is  impossible,  therefore,  that  a  glacier  of  uni- 
form section  and  slope  and  direction  should  descend  by  its  weight 
only ;  and  being  impossible  with  such  a  glacier,  it  is  a  fortiori  im- 
possible with  a  glacier  of  variable  section  and  direction.  This  is  my 

*  If  proof  were  needed  of  this  fact,  the  ribboned  structure  of  the  interior 
supposes  it  to  be  maintained  throughout  such  a  glacier,  and  the  dirt-bands 
of  the  surface  would  be  sufficient  evidence.     See  Phil.  Mag.  April  1870. 

t  See  Phil.  Mag.  January  1870. 

X  See  my  paper  in  the  Philosophical  Magazine  for  August  18/1.  In 
describing  an  experiment  made  on  February  15,  1870,  I  have  spoken  of 
a  cylinder  of  ice  when  placed  in  the  shearing-apparatus  at6j  o'clock  in  the 
evening  as  having  yielded,  under  a  pressure  of  636  lbs.  per  square  inch  on 
its  upper  surface,  at  8  o'clock  by  -i\^  inch,  and  of  its  having  been  examined 
at  lU^  the  next  morning  and  found  not  to  have  sheared  during  the  night. 
I  have  failed  to  express  myself  clearly,  and  Mr.  Mathews  has  misunderstood 
me.  I  should  have  explained  that  the  yielduig  of  the  upper  surface  was 
accompanied  by  no  shearing  of  one  portion  of  tbe  ice  over  the  other.  Be- 
fore shearing  begins  in  my  apparatus,  the  pressure  on  the  upper  surface  of 
the  ice  being  greater  than  elsewhere,  and  the  apparatus  being  warmer  than 
the  ice,  the  ice  is  melted  there  more  than  elsewliere.  It  v.'as  by  this  melt- 
ing, and  not  by  shearing,  that  the  up])er  surface  yielded.  In  experiments 
under  an  external  tem]3erature  above  freezing  the  warmth  of  the  shearing- 
apparatus  and  its  conductivity  cause  a  continual  melting  of  the  ice  and  di- 
mmution  of  its  cross  section.  When  the  ice  once  begms  to  shear,  as  the 
shearing-pressure  remains  constant  while  the  section  continually  dimi- 
nishes, the  shearing  motion  cannot  but  be  kept  up. 
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argument.  To  follow  it  out  corajjlctcly,  a  somewhat  difficult  ap- 
])lication  of  the  jirinciples  of  dynamics  is  required.  I'he  question 
of  the  descent  of  glaciers  is  indeed  essentially  one  of  mechanical 
philosophy,  and,  as  such,  cannot  be  argued  with  precision  other- 
wise than  by  mathematical  reasoning.  It  is  a  question  which  has 
nevertheless  long  been  in  possession  of  that  kind  of  scientific 
opinion  (as  distinguished  from  exact  science)  which  refuses  to 
take  account  of  mathematical  reasoning.  Unless  I  discard  all 
but  the  most  elementary  forms  of  this  kind  of  reasoning,  I  can- 
not therefore  expect  to  be  listened  to  by  those  who  chietly  take 
an  interest  in  the  discussion.  I  will  therefore  attempt,  although 
I  confess  with  no  very  sanguine  hope  of  success,  to  conduct  my 
argument  subject  to  this  condition.  ]\lr.  Mathews  will  under- 
stand at  what  a  disadvantage  1  thus  ])lacc  myself. 

I  will  ask  him  to  imagine  a  rectangular  channel  of  ice  to  be 
cut  out  of  my  imaginary  glacier  of  the  same  form  and  nearly  of 
the  same  dimensions  as  the  glacier  itself,  so  that  only  a  compa- 
ratively small  thickness  of  ice,  forming  the  sides  and  bottom  of 
this  ice-channel,  shall  lie  between  it  and  the  rock.  Before  the 
ice  was  taken  out  of  this  ice-channel  it  descended  with  a  differ- 
ential motion.  To  fix  ideas,  let  the  channel  be  dug  a  mile  long 
and  o])cn  at  both  ends,  and  let  the  ice  be  imagined  to  be  then 
replaced  and  the  glacier  reconstructed  as  follows.  Let  a  strij)  of 
ice  a  foot  square  in  section  and  a  mile  long  be  conceived  to  be 
])laced  at  the  bottom  corner  of  the  channel  at  its  left-hand  side 
looking  down  the  glacier,  and  to  be  frozen  by  its  side  against 
the  side  of  the  channel,  but  not  by  its  base  against  the  bottom ; 
so  that,  to  be  made  to  slide  doivn,  this  ice-stri])  must  be  made  to 
shear  by  its  side  only.  Now  the  weight  of  each  foot  of  the 
length  of  this  icc-strij)  is  G2i  lbs.  nearly,  being  the  weight  of  a 
cubic  foot  of  water;  and  the  glacier  being  inclined  at  an  angle 
of  4°  52'  to  the  horizon  (being  the  inclination  of  the  Mer  de 
Glace),  this  62-^  lbs.  pressure  of  each  foot  in  the  length  of  the 
strip  vcrticalhf  ])rodnccs  a  pressure  down  the  glacier  ot  C2*5  lbs. 
X  sin  4°  52','or  of  G2-o  lbs.  x  •084837  =  5-3lhs.  nearly.  But 
the  shearing-force  per  square  inch  being  75  lbs.,  each  foot  in  the 
length  of  the  stri])  being  frozen  to  the  side  of  the  channel  re- 
quires 111  X  75  lbs.,  or  10,800  lbs.  to  shear  it.  The  strip,  tliere- 
fore,  will  not  descend.  Let  now  another  strip  of  the  same  size 
be  placed  on  the  bottom  of  the  glacier  beside  the  first  and  frozen 
to  its  side,  but  not  to  tiie  boltou),  on  which  it  is  to  be  supposed 
free  tf)  slide  without  friction.  The  two  strips  thus  frozen  together 
will  produce  a  shearing-force  on  the  side  of  the  channel  of  5"8  lbs. 
X  2  ])er  square  foot,  wliereas  the  resistiince  to  shearing  is  10,800 
lbs.  per  square  loot.  The  two  strips  will  still  therefore  renuiiu 
fixed  to  it ;  and  if  strij)  after  strip  be  added  side  by  side  in  the 
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same  way,  the  shearing-pressure  of  10,800  lbs.  per  square  foot 
will  not  be  reaehecl  until  2037  strips  have  been  so  placed,  and  a 
platform  of  ice  has  been  formed  of  that  breadth  in  feet,  resting 
without  friction  or  adhesion  on  the  bottom  of  the  channel,  but 
adhering  by  its  edge  to  the  side.  An  additional  strip  (the  2038th) 
will  cause  this  platform  to  shear  along  its  edge  and  to  descend 
bodily.  Let  now  a  resistaiice  be  supposed  to  be  applied  to  the 
first  strip  nearest  to  the  side  just  sufficient  to  prevent  it,  and 
therefore  the  platform,  from  descending  by  the  run,  i.  e.  with  an 
accelerated  motion.  Another  strip  (the  2039th)  being  then 
added  at  the  outside  edge  of  the  platform,  tlie  second  strip  will 
be  made  to  shear  on  the  tirst ;  and  the  acceleration  of  its  descent 
being  resisted  as  before,  the  addition  of  another  strip  (the  2010th) 
will  cause  the  third  strip  to  shear  on  the  second;  and  by  conti- 
nuing this  process  of  accretion  at  the  outside  edge  of  the  platform 
and  of  resistance^  at  the  inner  edge,  a  differential  motion  of  the 
strips  at  the  inner  edge  will  be  set  up  (numbering  from  the  first), 
and  there  will  result  from  it  a  bodily  descent  of  2037  feet  of  un- 
broken platform  beyond — the  whole  descending  mass  of  ice 
being  composed  of  a  part  near  the  side  of  the  channel  which  de- 
scends with  a  differential  motion,  and  of  a  part  beyond  it  always 
2037  feet  wide  which  descends  not  with  a  differential  motion 
but  lodily.  Every  addition  made  to  the  outside  edge  of  this 
last-mentioned  part  takes  from  as  much  of  its  inner  edge  its  un- 
broken character  and  adds  it  to  the  part  which  descends  differen- 
tially. Thus  one  half  of  the  platform  of  a  glacier  is  constructed. 
If  the  other  half  be  similarly  constructed,  beginning  from  the 
opposite  side  of  the  channel,  a  complete  platform  will  be  ob- 
tained of  which  the  central  portion  (4074  feet  wide)  descends 
bodily,  i.  e.  without  any  differential  motion,  and  of  which  two 
side  portions,  dependent  for  their  width  on  the  width  of  the 
channel,  descend  with  a  differential  motion. 

Let  now  the  whole  of  this  platform  be  supposed  to  be  frozen 
to  the  bottom.  Its  descent  will  thus  be  arrested;  but  it  will  be 
ready  to  begin  to  descend  again,  as  it  did  before,  if  by  the  ope- 
ration of  any  other  force  the  resistance  to  its  shearing  over  the 
bottom  of  the  channel  shall  be  overcome.  The  thrust  down- 
wards with  which  the  weight  of  each  cubic  foot  of  it  tends  to 
overcome  this  resistance  to  its  shearing  over  the  bottom,  has  been 
shown  to  be  5-3  lbs.  per  square  foot,  whereas  the  resistance  itself 

*  Such  resistance,  incieasing  in  amount  with  the  velccity  of  the  descent, 
must  be  actually  in  operation  in  glaciers  descending  l)y  their  weight  oi\\y, 
or  they  wouhl  descend  by  the  run.  It  will  be  borne  in  mind  that  when 
systems  of  bodies  acted  on  by  given  forces  move  under  the  action  of  tliose 
forces  with  uniform  velocities,  the  forces  have  the  same  relation  to  one  an- 
other as  they  would  have  if  the  bodies  were  at  rest. 
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IS  "10^800  lbs.  })er  square  foot.  It  would  therefore  require  (rea- 
soning as  before)  2037  such  platforms  jjiied  horizontally  upon  one 
another,  or  a  glacier  at  least  2037  feet  in  tle})th,  to  make  the  bot- 
tom of  the  glacier  shear  over  the  bottom  of  the  channel.  Every 
similar  platform  then  added  to  tiic  top  would  set  free  the  ice  an 
additional  foot  from  the  bottom,  and  set  up  from  the  bottom  a 
differential  motion  of  the  ice  horizontally,  whilst  at  the  same  time 
the  vertical  differential  motion,  which  was  stopped  when  the 
glacier  was  frozen  to  the  bottom  of  its  channel,  would,  now  that 
it  is  released,  be  set  up  again.  The  glacier  would  thus  descend 
with  differential  motions,  horizontally  and  vertically,  of  the  ice 
at  its  bottom  and  sides,  and  a  bodily  motion  of  a  central  portion 
or  core  4071  feet  wide  and  2037  feet  deep. 

It  follows  that,  unless  the  channel  of  a  glacier  were  more 
than  407i<  feet  wide  and  2037  feet  deep,  it  could  not  descend 
in  it  by  its  weight  alone  (its  slope  being  that  of  the  Mer  de 
Glace) — and  that  the  differential  motion  could  not  extend,  as  it 
actually  does,  for  a  considerable  distance  from  the  bottom  and 
sides,  unless  the  dimensions  of  the  channel  were  greater  than 
these.  Now  the  dimensions  of  the  imaginary  glacier  to  which 
my  former  calculations  referred  (being  those  of  the  JMer  de 
Glace  at  Les  Pouts)  were  1400  feet  in  width  and  140  feet  in 
depth,  with  a  slope  equal  to  that  of  the  Mer  de  Glace ;  such  a 
glacier,  therefore,  could  not,  according  to  the  calculations  I  have 
noiv  made,  descend  by  its  weight,  as  I  found  it  could  not  by  the 
wholly  different  calculations  I  made  before.  This,  moreover,  is  to 
be  observed — that,  descending  by  its  weight  only,  a  glacier  would 
have  no  horizontal  differential  motion  whatever  at  its  surface  or 
within  2037  feet  of  it ;  whereas  we  know  by  the  experiments 
of  Agassiz  on  the  Aar  Glacier  that  the  horizontal  differential 
motion  extends  to  the  very  surface  of  the  glacier;  for  having 
placed  rods  of  wood  in  borings  from  the  surface  and  left  them 
for  a  time,  he  found  them  all  inclined  in  the  direction  of  the 
descent"^. 

But  jNIr.  Mathews  argues  that  a  glacier  descends  by  bending, 
and  that  in  the  act  of  bending  the  resistance  to  such  shearing  as, 
in  addition  to  its  bending,  is  necessary  to  its  descent  is  dimi- 
nished— and  that,  this  being  the  case,  its  own  weight  becomes 
sufficient  to  cause  it  to  descend  f.     The  question  is,  then,  docs 

•   See  also  Forbcs's  '  Oecasional  Pajjers,'  pp.  17-^,  ISG. 

t  I  hope  1  have  stated  Mr.  :\Iathc\vs's  arguiueiit  coneetly,  and  the  more 
so  as  I  have  mistaken  some  wor<ls  in  his  former  paper  in  the  '  Alpine 
Journal '  to  imply  a  denial  of  any  s/icariiir/  of  iee  in  the  deseent  of  glaciers. 
The  words  are  (speaking  of  the  bending  of  his  ice-plank),  "according  to 
the  views  of  C^anon  .Moseley,  s/ieariiir/  inuxt  surely  have  been  m]>oi>sible" 
As  I  nndersfood  him  to  argne  that  a  glacier  bends  like  an  ice-j)lank,  I 
thought  he  must  argue  shearing  to  i)e  also  impossible  in  a  glacier.  1  hold 
no  views  whieii  justify  either  conclusion. 
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a  glacier  beud  itself  down  ?     My  answer  to  this  question  shall 
be  founded  on  Mr.   Mathews's  own   experiment.      He  placed 
a  plank  of  ice  2j^  inches  thick  between  two  supports  six  feet 
apart,  and  found  that  it  sank  in  the  middle  until,   in   seven 
hours,  under  the  influence  of  a  thaio  it  had   deflected  seven 
inches.     Of  this  experiment  Mr.  Mathews  says,  "  I  regard  it  as 
absolutely   subversive  of  the  Canon^s  theory  that   the  descent 
of  glaciers  by  their  weight  alone  is  a  mechanical  impossibility." 
These  are  strong  words.     I  can  only  understand  them  by  sup- 
posing that  Mr.  Mathews  has  other  reasons  than  he  has  alleged 
for  considering  his  experiment  conclusive  on  the  question  at 
issue;  for  the  conditions  under  which  his  ice-plank  bent  and  the 
conditions  under  which  a  glacier  descends  are  entirely  different 
and  have  nothing  in  common.     A  glacier  is  nowhere  an  ice-plank, 
nor  is  it  anywhere  placed  flatwise  between  two  flxed  supports 
and  left  to  bend  vertically  with  nothing  beneath  it  to  rest  upon. 
If  the  Mer  de  Glace  descends  by  bending,  it  must  bend  in  the 
direction  of  its  length,  because  it  is  in  the  direction  of  its  length 
that  it  descends.     To  present  a  parallel  to  the  descent  of  a  gla- 
ciei*,  Mr.  Mathews  should  have  placed  his  ice-plank  between  two 
supports,  not  flatwise,  but  endwise,  and  should  have  observed 
whether  then  it  bent  in  the  direction  of  its  length.     Moreover 
the  Mer  de  Glace  does  not  descend  vertically,  but  on  an  inclined 
plane  of  4°  52'.     The  ice-plank  should  then  have  been  placed  on 
a  plane  inclined  at  that  slope,  and  it  should  have  been  observed 
whether  when  so  placed  it  bent  lengthwise.     And  even  if  it  de- 
scended then  by  bending,  it  would  not  have  descended  under 
similar  conditions  to  those  under  which  the  Mer  de  Glace  de- 
scends— unless,  placing  a  number  of  such   ice-planks   on  one 
another,  those  nearer  to  the  surface  had  descended  faster  than 
those  further  from  it,  notwithstanding  that  they  were  all  frozen 
together.     To  apply  Mr.  Mathews's  experiment  to  the  case  in 
hand,  I  will  suppose  his  ice-plank   to   be   lengthened   from  6 
feet  to  1398  feet.     It  will  then  be  about  as  long,  I  believe,  as  the 
Mer  de  Glace  is  wide  at  Les  Fonts.     I  will  further  suppose  it  to 
become  23,600  feet  thick,  in  which  case  it  will  be  as  thick  as  the 
Mer  de  Glace  is  long,  measuring  from  the  origin  of  the  Glacier 
de  Lechaud  to  the  Montanvert.     This  colossal  ice-plank,  1398 
feet  long  and  22,600  feet  thick  (or  deep),  I  will  then  suppose  to 
be  laid  down  in  a  uniform  rectangular  channel  at   a  slope   of 
4°  52';  and,  the  sides  and  bottom  of  the  channel  being  perfectly 
smooth,  I  will  suppose  the  ice-plank  or  glacier  not  to  be  frozen 
to  them,  but  prevented  from  slipping  by  two  stops  projecting  a 
short  distance  from  the  opposite  sides  of  the  channel  at  the  end 
of  the  glacier.     Now  I  apprehend  that,  according  to  Mr.  Ma- 
thews's theory,  this  glacier  would,  by  its  weight  only,  bend  in  the 
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direction  of  what  has  been  called  its  tliickness  or  depth  (but 
which,  now  that  it  is  laid  down  in  the  channel  of  a  glacier,  must 
be  called  its  length),  and  that,  in  some  way  which  has  not  been 
explained,  it  would  bend  continually  more  and  more  and  so  de- 
scend. For  if  it  would  not  do  so  under  these  conditions,  then. 
<t/w//o;«  it  would  not  do  so  under  the  actual  conditions  of  a 
glacier,  in  which  the  stops — instead  of  being  placed  at  the  end 
only,  and  the  sides  and  bottom  being  elsewhere  without  resistance 
— arc  distributed  over  the  whole  surface  of  the  channel,  sides, 
and  bottom.  Now  it  is  my  object  to  show  that  this  imagi- 
nary glacier  would  not  bend  by  its  own  weight  only  in  the  di- 
rection of  its  length  under  these  conditions,  and  therefore  a  for- 
tiori that  it  would  not  descend  by  bending  under  the  conditions 
of  an  actual  glacier. 

For  the  sake  of  argument,  I  will  suppose  that  tUe  deflection 
of  my  imaginary  glacier  along  its  sloping  channel  in  the  direc- 
tion of  its  length,  and  that  of  Mr.  Mathews's  ice-plank  in  the  ver- 
tical direction  of  its  thickness,  are  neither  of  them  carried  beyond 
what  is  called  tlie  clastic  limit,  so  that  neither  of  them  takes  a 
set  in  the  act  of  dctiecting.  This  being  supposed,  it  is  pos^^ible 
to  determine  by  well-known  formukc  what  ratio  the  bendiugs  or 
deflections  of  the  two  masses  of  ice  would  have  to  one  another. 
It  will,  I  hope,  put  no  great  mathematical  strain  on  my  readers  to 
follow'  the  investigation  of  this  ratio,  which  I  have  subjoined  in 
a  note*.  It  results  from  it  that  the  bending  downwards  of  the 
glacier  will  not  be  •019122,  or  not  the  fiftieth  part  of  the  bend- 
ing of  the  ice-plank. 

When  the  bending  of  a  body  is  carried  beyond  certain  limits, 
known  as  the  limits  of  its  elasticity,  it  takes  a  set.    The  ice-])lank 

*  If  D  ici)resciit  tlic  dtflection,  by  its  weight  alone,  of  a  solid  liaviiio-  a 
rectangular  cross  section  whose  dejjtli  is  c,  and  the  distance  of  the  two 
]ioints  on  wliich  it  is  su])ported  a,  and  its  breadth  i,  and  ifwbethe 
weight  of  a  c\d)ic  unit  of  it,  and  E  its  modulus  of  elastieitv,  and  if  it  be 
borne  in  mind  that  the  weight  of  such  a  mass  produces  the  same  effcet  in 
causing  it  to  deileet,  as  five  eighths  of  its  weight  would  do  if  oollectcd  in 
its  centre,  then  (see  Moii)i,  vide  Memoire  de  ]\Iccaiii(pie  Pratiijup,  p.  -JSl, 
ed.  f),  or  '  Mechanical  Principles  of  Engineering,'  by  the  author  of  this 
l)aper,  ]).  510,  ed.  2) 

■n_    o^in^afjc)   _/5a)\ft' 
~  4SECK be'}  ~\ii2E}'?' 

l?ut  if,  instead  of  being  ])laccd  vertically,  the  solid  had  been  laid  upon  a 
smooth  incline  whose  inclination  was  t,  the  pressure  of  each  cubic  unit  of 
its  mass  tending  to  cause  it  to  delleci'.  would  have  become  w  sin  *  instead  of 
w.     Ill  this  case,  therefore, 

whence  it  follows  that  in  respect  of  dillerent  solids  so  placed,  iiaving  ccpial 


the  Descent  of  Glaciers  by  their  Weight  onhj.  45 

does  so.  But  it  is  in  a  high  degree  improbable  that  the  glacier 
is  carried  beyond  the  limits  of  its  elasticity  whose  bend  is  not 
the  fiftieth  part  of  that  of  the  ice-plank.  And  this  high  impro- 
bability becomes,  I  think,  an  impossibility  when  it  is  considered 
that  each  infinitely  thin  horizontal  stratum  of  the  glacier  must 
(to  descend  as  an  actual  glacier  does)  bend  further  than  the  one 
below  it,  and  in  doing  so  overcome  the  resistance  to  shearing  of 
the  subjacent  stratum  to  which  it  is  frozen — so  that  to  the  resist- 
ance to  its  bending  bodily  must  be  added  the  resistances  to  the 
differential  bendings  of  its  superimposed  strata. 

Thus,  from  whatever  point  of  view  the  question  of  the  descent 
of  glaciers  is  looked  at,  in  the  light  of  exact  science,  it  is  seen  to 
be  impossible  they  should  descend  by  their  weights  only.  As, 
however,  it  is  possible  that  Mr.  ]\Iathews,  taking  his  stand  on 
tlie  strong  ground  of  popular  science,  may  refuse  to  be  con- 
vinced by  mathematical  reasoning  even  so  elementaiy  as  that 
which  I  have  here  been  using,  I  will  submit  to  him  the  following 
considerations. 

He  argues  that  because  an  ice-plank  bends  vertically  flatwise 
by  its  own  w^eight,  and  takes  a  set  when  placed  between  two  sup- 
ports, therefore  the  Mer  de  Glace,  when  placed  or.  a  slope  of 
4°  52',  bends  lengthwise  by  its  own  v/eight.  He  has  nothing, 
so  far  as  appears  from  his  papers,  but  that  fact  to  bring  him  to 
that  conclusion — nothing  to  bridge  over  the  intervening  space. 

Now  if  a  plank  of  lead,  long  enough  in  relation  to  its  thick- 
ness, were  placed  flatwise  between  two  supports  it  would  certainly 
bend  and  take  a  set.  That  is  a  fact  strictly  analogous  to  Mr. 
Mathews's  fact  of  the  ice-plank.  According  to  him,  therefore, 
if  the  Mer  de  Glace  were  of  lead  instead  of  ice  it  would  descend 
by  its  weight  as  a  glacier  does. 

But  if  the  argument  is  good  for  ice  and  also  for  lead  it  is 
good  also  for  iron.  For  if  a  plank  of  wrought  iron  thin  enough, 
with  reference  to  its  length,  were  placed  flatwise  between  two 
supports,  it  would  bend  by  its  weiglit  and  take  a  set.     It  follows, 

moduli  of  elasticity  and  equal  specific  gravities. 


Now  in  tlie  supposed  glacier  «=13f)8  feet,  c  =  22,C00  feet,  i  =  -\'  52', 
In  Mr.  Mathews's  ice-])!imk,  «  =  ()fect,  c  =  0-1979  feet,  £=90\ 
If  therefore  Di  be  the  deHeetion  of  the  glacier,  and  D.  that  of  the  ice- 
plank, 

-Sin  4    52 


D,_226U0-  - 

•197.9" 
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therefore,  by  Mr.  ]\Iathe\vs's  argument,  that  the  IVler  de  Glace 
wouhl  descend  by  its  weight  only,  if  it  were  of  iron  instead  of  ice, 
and  that  it  would  descend  with  a  differential  motion. 

Every  body  knows  how  much  more  easily  a  rod  is  bent  than 
sheared  across.  The  question  "  why  this  happens  " — what  are 
those  molecular  displacements  lengthwise  and  crosswise  which 
accompany  this  change  of  form,  and  what  are  the  forces  which 
oppose  themselves  to  it — is  one  of  the  most  subtle  in  physics. 
But  I'iff/e  is  to  be  understood  of  it  by  the  liglit  of  the  highest  ma- 
thematics, and  notJiing  without  it.  I  will  not  invite  ]\Ir.  Ma- 
thews to  accompany  me  into  that  region.  The  question  what 
would  happen  if  a  glacier  bent  itself  down  its  channel  does  not 
indeed  touch  my  argument,  because  I  have  shown  that  a  glacier 
does  not  bend  itself  down.  There  is,  however,  an  inference  Mr. 
Mathews  has  drawn  from  the  bending  of  his  ice-plank  which 
does  touch  my  argument.  The  cross  section  of  his  ice-plank 
measured,  he  says,  12  square  inches.  If  it  were  sheared  across 
as  ice  was  sheared  in  my  experiments,  it  would,  at  75  lbs.  per 
square  inch  shearing-resistance,  require  700  lbs.  to  shear  it. 
But  the  entire  weight  of  the  ice-plank  was  only  32  lbs.,  and  yet 
it  deflected  with  this  weight  and  therefore  also  sheared.  Mr. 
Mathews  is  curious  to  see  how  I  shall  explain  this  fact  to  him. 
His  explanation  is,  that  instead  of  the  unit  of  shear  in  ice  being 
not  less  than  75  lb.  per  square  inch,  as  I  found  it  to  be  by 
direct  experiment,  it  is  shown  indirectly  by  this  experiment  of 
his  to  be  less  than  1]^  lb.,  probably  much  less. 

Now  I  will  suggest  to  Mr.  Mathews  a  parallel  experiment  and 
a  parallel  explanation.  If  a  bar  of  wrought  iron  1  inch  square 
and  20  feet  long  were  supported  at  its  extremities,  it  would  bend 
by  its  weight  alone,  and  would  therefore  shear.  Now  the  weight 
of  such  a  rod  would  be  about  G7  lbs.  According  to  Mr.  j\lathews's 
explanation  in  the  case  of  the  ice-])lank,  the  unit  of  shear  in 
wrought  iron  should  therefore  be  C7  lbs.  per  square  inch.  It  is 
actually  50,000  lbs. 

I  think  I  have  not  left  unanswered  any  question  raised  by 
Mr.  Mathews's  first  paper. 

With  reference  to  his  second  paper,  I  have  only  to  bear 
testimony  to  the  value  which  I  attach  to  his  observations  and 
those  of  Mr.  llcilly  on  the  Surface-motions  of  Glaciers.  The 
exceedingly  small  differences  of  velocity  of  points  exceedingly 
near  to  one  another  of  which  he  speaks,  following  Mr.  Ball,  is 
no  argument  against  the  results  at  which  I  have  arrived.  Those 
results  suppose  injinitrlij  small  differences  of  velocity  at  points 
infinitely  near  to  one  another,  and  they  aggregate  the  »o;4done 
under  those  infinitcsimally  small  diil'crences  of  motion.  The 
aggregate  of  an  infinite  number  of  infinitely  small  things  may 
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be  finite.  From  the  second  of  tlie  five  proj30sitions  into  wliich 
he  divides  my  argument  I  entirely  dissent.  I  do  not  hold  the 
opinion  (nor  have  I  anywhere  said  that  I  do)^  that  "  the  absolute 
motion  of  any  point  in  the  surface  of  a  glacier  is  proportional  to 
its  distance  from  the  nearest  side  and  to  its  height  from  the  bot- 
tom of  the  channel/^ 

The  want  of  uniformity  from  centre  to  side  in  the  surface- 
motion  of  the  glacier  which  Mr.  Mathews  and  Mr.  Reilly  ob- 
served could  not  but  have  been  due  to  irregularities  in  the  bot- 
tom of  its  channel,  or  in  its  sides,  or  in  its  direction  or  slope. 
It  has  apparently  escaped  Mr.  Mathews's  recollection  that  I 
reason  of  an  imaginary  glacier  of  homogeneous  ice  with  no  irre- 
gularities of  the  bottom  or  sides  of  its  channel  or  in  its  direction 
or  slope,  whose  surface-motion  from  centre  to  side  could  not  but 
be  uniform  as  to  the  two  sides.  If  it  be  true  that  a  glacier,  such 
as  this  imaginary  one,  could  not  descend  by  its  weight  only,  the 
conclusion  is  irresistible,  that  an  actual  glacier,  whose  channel 
is  irregular  as  to  its  surface,  direction,  and  slope,  could  not. 

I  have  endeavoured  to  make  intelligible  otherwise  than  in  the 
language  of  mathematical  science  a  mathematical  argument. 
On  reading  what  I  have  written  I  cannot  congratulate  myself  on 
my  success.  Neither  party  to  an  argument  is  likely  to  be  con- 
vinced by  the  reasoning  of  the  other,  nor  is  any  valuable  result 
likely  to  be  arrived  at  by  them,  when  they  do  not  argue  in  the 
same  language. 


VI.   On  the  Spectroscopic  Observation  of  the  Rotation  of  the  Sun, 
and  a  new  Reversion- Spectroscope.     By  F.  Zollner*. 

IN  compliance  with  a  friendly  invitation,  I  repaired,  at  the 
Whitsuntide  vacation,  to  Bothkamp,  near  Kiel,  in  order  to 
take  in  hand,  at  Chamberlain  von  Billow's  splendidly  endov/ed 
private  observatory  there,  those  investigations  on  which  I  had  the 
honour,  two  years  since,  to  make  some  preliminary  communica- 
tions to  the  Society,  when  exhibiting  my  reversion- spectroscope. 
The  large  refractor,  by  Schroder  of  Hamburg,  set  up  in 
Bothkamp,  and  furnished  with  an  excellent  clockwork,  is  not 
only,  after  the  Pulkowa  refractor,  the  largest  on  the  Continent, 
but  probably  takes  the  first  rank  among  all  the  refractors  of 
equal  size  by  its  high  optical  and  mechanical  finish.  Dr.  H.  C. 
Vogel  (the  director  of  the  observatory)  and  Dr.  Lohse,  as  assist- 
ant, in  accord  with  the  scientific  intention  of  the  founder,  have 

•  Translated  from  a  separate  impression,  communicated  by  the  Author, 
from  the  Berichte  der  Koniyl.  Sachsischen  Gesellschuft  der  Wisseuschaften, 
Math.-Phys.  Classe,  for  July  1,  1871. 
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tliereforc,  by  Mr.  INIatlicws's  argument,  that  the  Mcr  de  Glace 
would  descend  by  its  weight  only,  if  it  were  of  iron  instead  of  ice, 
and  that  it  would  descend  with  a  differential  motion. 

Every  body  knows  how  much  more  easily  a  I'od  is  bent  than 
sheared  across.  The  question  "  why  this  happens  " — what  are 
those  molecular  disjilacements  lengthwise  and  crosswise  which 
accompany  this  change  of  form,  and  what  are  the  forces  which 
oppose  themselves  to  it — is  one  of  the  most  subtle  in  physics. 
But  little  is  to  be  understood  of  it  by  the  light  of  the  highest  ma- 
thematics, and  nothing  without  it.  I  will  not  invite  JMr.  Ma- 
thews to  accompany  me  into  that  region.  The  question  what 
would  happen  if  a  glacier  bent  itself  down  its  channel  does  not 
indeed  touch  my  argument,  because  I  have  shown  that  a  glacier 
does  not  bend  itself  down.  There  is,  however,  an  inference  Mr. 
^Mathews  has  drawn  from  the  bending  of  his  ice-plank  which 
does  touch  my  argument.  The  cross  section  of  his  ice-plank 
measured,  he  says,  12  square  inches.  If  it  were  sheared  across 
as  ice  was  sheared  in  my  experiments,  it  would,  at  75  lbs.  per 
square  inch  shearing-resistance,  require  700  lbs.  to  shear  it. 
But  the  entire  weight  of  the  ice-plank  was  only  3.2  lbs.,  and  yet 
it  deliccted  with  this  weight  and  therefore  also  sheared.  Mr. 
Mathews  is  curious  to  see  how  I  shall  explain  this  fact  to  him. 
His  explanation  is,  that  instead  of  the  unit  of  shear  in  ice  being 
not  less  than  75  lb.  per  square  inch,  as  I  foujid  it  to  be  by 
direct  experiment,  it  is  shown  indirectly  by  this  experiment  of 
his  to  be  less  than  1^  lb.,  probably  much  less. 

Now  I  will  suggest  to  Mr.  Mathews  a  parallel  experiment  and 
a  parallel  explanation.  If  a  bar  of  wrought  iron  1  inch  square 
and  20  feet  long  were  supported  at  its  extremities,  it  would  bend 
by  its  weight  alone,  and  would  therefore  shear.  Now  the  weight 
of  such  a  rod  would  be  about  G7  lbs.  According  to  Mr.  jMathews's 
exi)lanation  in  the  case  of  the  ice-])lank,  the  unit  of  shear  in 
wrought  iron  should  therefore  be  G7  lbs.  per  square  inch.  It  is 
actually  50,000  lbs. 

I  think  I  have  not  left  unanswered  any  question  raised  by 
l\Ir.  ]\Iathews^s  first  paper. 

"With  reference  to  his  second  paper,  I  have  only  to  bear 
testimony  to  the  value  which  I  attach  to  his  observations  and 
those  f)f  Mr.  llcilly  on  the  Surface-motions  of  Glaciers.  The 
exceedingly  small  differences  of  velocity  of  points  exceedingly 
near  to  one  another  of  which  he  speaks,  following  ]\lr.  Ball,  is 
no  argument  against  the  results  at  which  I  have  arrived.  Those 
results  suppose  infnitcly  small  differences  of  velocity  at  points 
infinitely  near  to  one  another,  and  they  aggregate  the  ?rorAdone 
under  those  infinitesimally  small  differences  of  motion.  The 
aggregate  of  an  infinite  number  of  infinitely  small  things  may 
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be  finite.  From  the  second  of  the  five  proj)Ositions  into  wliich 
he  divides  my  argument  I  entirely  dissent.  I  do  not  hold  the 
opinion  (nor  have  I  anywhere  said  that  I  do),  that  "  the  absolute 
motion  of  any  point  in  the  surface  of  a  glacier  is  proportional  to 
its  distance  from  the  nearest  side  and  to  its  height  from  the  bot- 
tom of  the  channel.^^ 

The  want  of  uniformity  from  centre  to  side  in  the  surface- 
motion  of  the  glacier  which  Mr.  jMathews  and  Mr.  Reilly  ob- 
served could  not  but  have  been  due  to  irregularities  in  the  bot- 
tom of  its  channel,  or  in  its  sides,  or  in  its  direction  or  slope. 
It  has  apparently  escaped  Mr.  Mathews's  recollection  that  I 
reason  of  an  imaginary  glacier  of  homogeneous  ice  with  no  irre- 
gularities of  the  bottom  or  sides  of  its  channel  or  in  its  direction 
or  slope,  whose  surface-motion  from  centre  to  side  could  not  but 
be  uniform  as  to  the  two  sides.  If  it  be  true  that  a  glacier,  such 
as  this  imaginary  one,  could  not  descend  by  its  weight  only,  the 
conclusion  is  irresistible,  that  an  actual  glacier,  whose  channel 
is  irregular  as  to  its  surface,  direction,  and  slope,  could  not. 

I  have  endeavoured  to  make  intelligible  otherwise  than  in  the 
language  of  mathematical  science  a  mathematical  argument. 
On  reading  what  I  have  written  I  cannot  congratulate  myself  on 
my  success.  Neither  party  to  an  argument  is  likely  to  be  con- 
vinced by  the  reasoning  of  the  other,  nor  is  any  valuable  result 
likely  to  be  arrived  at  by  them,  when  they  do  not  argue  in  the 
same  language. 

VI.   On  the  Spectroscopic  Observation  of  the  Rotation  of  the  Sun, 
and  a  new  Reversion- Spectroscope.     By  F.  Zollner*. 

IN  compliance  with  a  friendly  invitation,  I  repaired,  at  the 
Whitsuntide  vacation,  to  Bothkamp,  near  Kiel,  in  order  to 
take  in  hand,  at  Chamberlain  von  Billow's  splendidly  endov/ed 
private  observatory  there,  those  investigations  on  wdiich  I  had  the 
honour,  two  years  since,  to  make  some  preliminary  communica- 
tions to  the  Society,  when  exhibiting  my  reversion- spectroscope. 
The  large  refractor,  by  Schroder  of  Hamburg,  set  up  in 
Bothkamp,  and  furnished  with  an  excellent  clockwork,  is  not 
only,  after  the  Pulkowa  refractor,  the  largest  on  the  Continent, 
but  probably  takes  the  first  rank  among  all  the  refractors  of 
equal  size  by  its  high  optical  and  mechanical  finish.  Dr.  H.  C. 
Vogel  (the  director  of  the  observatory)  and  Dr.  Lohse,  as  assist- 
ant, in  accord  with  the  scientific  intention  of  the  founder,  have 

Translated  from  a  separate  impression,  communicated  by  the  Author, 
from  the  Berichte  derKbniyl.  Siicksischen  Gesellschaft  der  IVissenschaften, 
Maih.-Phys.  Classe,  for  July  1,  1871. 


50  M.  F.  Zollner  on  the  Spectroscopic  Observation 

longer  covered  the  line  when  the  light  of  portions  of  the  other 
limb  fell  on  the  slit.  In  order  to  avoid  flexures,  the  precaution 
was  taken  of  fixing  the  telescope  and  letting  the  image  of  the 
sun  pass  over  the  slit  by  the  diurnal  motion.  With  direction  to 
the  vicinity  of  the  north  or  the  south  pole  of  the  sun  (where  no 
displacement  was  to  be  expected),  the  coincidence  of  point  and 
spectrum-line  remained  perfectly  unaltered;  and  this  was  a 
guarantee  that  any  alterations  that,  with  a  little  movement  of 
the  refractor,  may  happen  to  take  place  in  the  spectrum-appa- 
ratus are  so  small  as  to  be  without  influence  on  the  observations. 

"June  11.  The  observations  were  made  in  the  same  manner 
as  on  the  previous  day.  We  endeavoured,  by  numerous  estima- 
tions, to  fix  the  magnitude  of  the  displacement  of  the  lines 
towards  the  point  in  the  focus  of  the  telescope,  taking  as  unit 
the  distance  between  two  lines  near  together  in  the  spectrum. 
Our  accounts  varied  between  0010  and  0"015  millionth  of  a 
millimetre — which  would  give,  for  the  motion  of  a  point  in  the 
solar  equator,  a  velocity  of  0'42  mile  in  a  second. 

"June  15.  The  observations  were  carried  out  as  before;  only, 
instead  of  the  point  in  the  observing-telescope,  I  had  very  fine 
cross-threads  introduced.  A  twenty-four  times  magnifying- 
power  could  be  used  with  advantage ;  with  it  Fraunhofer's  lines 
appeared  extremely  sharp.  In  the  vicinity  of  the  line  F  and  the 
group  b  I  made  preliminary  estimations,  which  gave  O'OOS  mil- 
lionth of  a  millimetre  for  the  amount  of  the  displacement,  from 
which  0"35  mile  would  result  as  the  velocity  of  an  equatorial 
point.  It  is  a  striking  fact  that  the  observations  always  give  a 
greater  velocity  than  that  calculated  from  the  known  period  of 
revolution  of  the  sun ;  j'ct  it  would  be  hazardous  to  deduce  any 
conclusion  whatever  therefrom,  since,  on  the  one  hand,  the  esti- 
mates are  very  uncertain,  and,  on  the  other,  the  wave-lengths 
of  the  lines  in  the  solar  spectrum  arc  not  so  accurately  deter- 
mined that  the  uncertainty,  in  comparison  with  the  aniount  to 
be  determined,  is  a  vanishing  quantity.  Thus  much  only  results 
from  all  the  observations — that  a  displacement  of  the  lines  by 
the  rotation  of  the  sun  may  be  regarded  as  certainly  proved.^' 

As  an  appendix  to  these  results  (which  evidently  promise  for 
the  reversion-spectroscope  a  very  extended  aj^plication  in  future 
for  quantitative  determinations  in  spectrum-analytical  investi- 
gations), 1  take  leave  to  communicate  the  construction  of  a  new 
and  considerably  simplified  reversion-spectroscope.  I  have 
already  alluded  to  it,  in  the  description  of  the  one  before  men- 
tioned *  ;  but  since  then  I  have  been  so  convinced  of  its  practical 
utility,  that  I  am  sure  the  principle  can  be  applied  with  great 

*  Berichle  der  K.  Sachs.  Gesellsch.  d,  Wiss.  maih.-phys.  Classe,  Feb.  6, 
18G9,  p.  73. 
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facility  for  all  spectroscopic  investigations,  without  its  being  ne- 
cessary, as  hitherto,  to  use  cross-threads,  points,  or  illuminated 
objects  for  the  determination  of  the  relations  of  position  of  the 
lines. 

The  requisite  disposition  of  the  observing-tube  of  any  spectro- 
scope  can  be  secured  in  two  ways,  namely  : — 1,  by  the  reversion- 
objective  ;  2,  by  the  reversion-ocular. 

1.  Description  of  the  Reversion- Objective. 

The  objective  of  the  observing-tube  is  divided  diametrically ; 
and  the  two  halves,  by  means  of  screws,  can  be  shifted  only  per- 
pendicularly to  the  line  of  division — that  is,  brought  nearer 
together  or  their  mutual  distance  increased.  In  front  of  one  of 
these  two  halves  a  rectangular  reflection-prism  is  placed,  move- 
able, in  such  wise  that  the  hypotenuse-surface  is  perpendicular 
to  the  plane  which  is  parallel  with  the  line  of  division,  and,  in 
the  normal  arrangement,  parallel  with  the  optic  axis  of  the  tele- 
scope. When  any  object  is  viewed  through  a  telescope  provided 
with  such  an  objective,  in  a  direction  perpendicular  to  the  line  of 
division  of  the  objective  it  appears  double.  On  the  one  hand,  it 
depends  on  the  dimensions  of  the  object,  on  the  otjier  on  the 
distance  between  the  two  halves  of  the  objective,  whether  the  two 
components  of  the  double  image  exactly  touch,  or  are  super- 
posed, or  are  separated  the  one  from  the  other.  But,  at  the 
same  time,  the  one  of  the  two  components  the  rays  of  which 
have  passed  through  the  reflection-prism  is  inverted  relatively  to 
an  axis  perpendicular  to  the  line  of  division. 

Hence,  if  the  observing-tube  of  any  spectrum-apparatus  be 
replaced  by  a  telescope  with  such  an  arrangement,  and  the  latter 
be  placed  so  that  the  refractiug  edges  of  the  reflecting  and  dis- 
persing prisms  are  parallel,  two  contiguous  spectra  with  the 
series  of  colours  in  opposite  directions  will  be  obtained  when  the 
distance  between  the  two  halves  of  the  objective  is  regulated 
accordingly.  As  with  non-parallel  rays  the  divergence  or  con- 
vergence is  altered  by  total  reflection,  in  such  cases  a  moveable 
half  of  a  lens  must  be  placed  in  the  observing-tube  in  order  to 
restore  equal  focal  distance  of  the  two  halves  of  the  objective. 

By  changing  the  direction  of  the  optic  axis  of  the  observing- 
tube  in  the  manner  which  is  usual  for  the  observation  of  difl'erent 
parts  of  the  spectrum  in  the  middle  of  the  field  of  view,  one  sees 
the  lines  of  the  two  spectra  move  through  the  field  in  opposite 
directions,  and  can  thus,  by  reading  off  the  angle  of  inclination, 
when  the  same  lines  in  the  two  spectra  coincide,  gather  their  po- 
sition— exactly  as  when  sights  are  used  in  the  field,  but  with 
double  the  amount  of  disjiersion,  and  with  the  greater  accuracy  re- 
sulting from  the  principle  of  double  images.     Moreover  differential 
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determinations  can  be  made  by  a  very  delicate  movement  of  the 
rejlect  ing -prism . 

2.  Description  of  the  Reversion-Ocular. 

The  object  of  the  reversion-ocular,  and  the  principle  of  its 
operation,  are  the  same  as  those  of  the  reversion-objective ;  but 
while  the  latter  presupposes  a  divided  objective,  in  the  employ- 
ment of  the  reversion-ocular  this  is  not  the  case. 

That  is  to  say,  it  contains  the  moveable  reflection-prism,  on 
a  correspondingly  diminished  scale,  close  in  front  of  the  collec- 
tive lens  of  the  ocular,  so  that  the  fleld  appears  half  coveied  by 
this  prism,  and  thus  the  two  spectra  are  moveable  in  juxtaposi- 
tion in  opposite  directions.  Since  no  parallel  rays  fall  on  the 
reflection-prism,  the  corresponding  correction  of  tlie  focal  dis- 
tance is  provided  for  by  the  moveable  half  of  a  concave  lens  in 
the  part  of  the  ocular  not  covered  by  the  prism. 

With  the  reversion-ocular  the  contact  of  the  two  spectra  is 
far  less  sharply  defined  than  with  the  reversion-objective.  This 
inconvenience,  however,  can  be  partially  obviated  by  the  em- 
ployment of  a  cylindrical  lens  in  front  of  the  ocular,  by  which 
the  lines  are  lengthened,  and  at  the  same  time  the  dark  divisions 
are  weakened.  I  make  bold  to  propose  generally  such  an  em- 
ployment of  cylindrical  lenses  immediately  in  front  of  the  cover 
of  the  ocular  wherever  cross  lines  arising  from  dust  or  other  in- 
equalities of  the  slit  produce  disturbance  in  delicate  measure- 
ments. These  lines  are  hereby  completely  neutralized,  and, 
indeed,  vanish  when  their  thickness  is  not  too  great,  while  the 
lines  of  the  spectrum,  perpendicular  to  them,  lose  nothing  of 
their  sharjmess. 

VII.  On  the  Solutions  of  Three  Problems  in  the  Calculus  of  Fa- 
riations,  in  reply  to  Mr.  Todhunter.  By  Professor  Ciiallis, 
M.A.,  LL.D.,  F.R.S.,  F.R.A.S* 

UNDERSTOOD  the  problem  which  is  the  subject  of  Uv. 
Todhunter's  remarks  in  the  December  Number  in  the 
only  sense  that  the  terms  in  which  it  was  enunciated  admit  of, 
and  therefore  I  do  not  consider  myself  accountable  for  any  mis- 
api)rehension  of  what  was  intended.  The  enunciation,  as  given 
in  tlie  '  History  of  the  Calculus  of  Variations'  (p.  427)  and  re- 
peated in  the  above-mentioned  remarks,  is  as  follows  : — "  Pe- 
quired  to  connect  two  fixed  points  by  a  curve  of  given  length  so 
that  the  area  bounded  by  the  curve,  the  ordinates  of  the  fixed 
points,  aiul  the  axis  of  abscissae  shall  be  a  nuiximum.^'  Accord- 
Communicated  Ijv  the  Author. 
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ingly  I  supposed  that  the  line  joining  the  two  ordinates  was  to 
be  a  curve;  and  as  a  portion  of  a  circle  fulfilled  all  the  condi- 
tions of  the  question,  I  did  not  imagine  that  the  joining  line 
could  be  niacle  up  of  a  curve  and  one  or  more  straight  lines,  nor 
did  I  gather  from  the  enunciation  that  "  it  was  intended  the  curve 
should  be  confined  between  indefinite  straight  lines  coinciding 
in  position  with  the  extreme  ordinates."  On  turning,  however, 
to  Legendre's  memoir,  I  find  that  after  taking  account  of  the 
problem  as  above  proposed,  he  adds,  '^  But  if  it  be  required  that 
the  surface  A  B  C  D  be  absolutely  contained  between  the  two 
parallels  AC,  B  D,  &c.,"  thus  introducing  a  new  condition 
which  requires  the  discussion  of  two  additional  problems.  This 
is  intelligible  enough.  But  in  the  '  History' there  is  no  inti- 
mation that  such  a  limitation  w^as  expressly  made  by  Legendre. 
It  seems  to  me  that  the  investigations  in  Stegmann's  work 
(pp.  171-180),  and  those  in  Mr.  Todhunter's  (pp.  427-430),  are 
liable  to  be  misunderstood  from  the  circumstance  that  the 
authors  discuss  under  one  enunciation  three  problems  requiring 
different  enunciations  and  different  processes  of  solution.  These 
problems  might  be  proposed  as  follows : — 

Required  to  construct  a  figure  bounded  by  the  axis  of  ab- 
scissae, two  ordinates  drawn  at  given  points  of  the  axis,  and  a 
curve  joining  their  extremities,  so  that  its  contour  shall  be  of 
given  length  and  its  area  a  maximum  : 

(I.)  When  the  length  of  each  ordinate  is  given. 
(II.)  When  the  length  of  one  of  the  ordinates  is  given. 
(III.)  When  the  length  of  neither  of  the  ordinates  is  given. 
The  first  of  these  three  problems  accords  with  that  expressed 
by  Mr.  Todhunter's  enunciation,  the  length  of  the  curve  being 
implicitly  given.  In  the  other  two  the  lengths  of  the  curves 
and  the  values  of  the  extreme  ordinates  that  are  not  given  have 
to  be  determined  by  the  solutions  of  the  problems.  In  all  the 
cases  the  curve  is  a  portion  of  a  circle.  In  Problem  (I.)  the 
circle  may  or  may  not  extend  in  the  direction  of  the  axis  of  ab- 
scissa beyond  one  or  both  of  the  given  extreme  ordinates ;  in 
Problem  (II.)  it  may  or  may  not  extend  beyond  the  given  ex- 
treme ordinate,  but  cannot  extend  beyond  the  other;  in  Problem 
(III.)  it  can  extend  beyond  neither  ordinate.  The  limits  of  the 
given  lengths  of  contour,  for  which  the  curve  is  wholly  con- 
tained within  the  extreme  ordinates  produced,  are  readily  dcdu- 
cible  from  the  respective  solutions.  Mr.  Todhuntcr  says  in  two 
instances  that  a  certain  result  is  not  '*  satisfactory,"  and  that  the 
problem  requires  to  be  "  nioditied."  These  expressions,  the 
meaning  of  which  I  did  not  apprehend,  will  be  seen  to  be  inap- 
plicable if  it  be  understood  that  there  are,  in  fact,  three  pro- 
blems, the  separate  solution  of  each  of  which  is  perfectly  satis- 
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factory.  The  different  solutions  do  not  require  any  analytical 
processes  different  from  those  employed  in  the  investigations 
above  referred  to. 

I  partly  dissent  from  the  solution  of  Problem  (I.)  by  polar 
coordinates,  as  given  by  Mr.  Todhunter  in  pp.  68-70  of  his 
'  History/  on  the  ground  that  the  process  of  integrating  with 
respect  to  6  from  0  to  27r  depends  on  assuming  the  position  of 
the  pole  to  be  within  the  closed  curve,  whereas  it  is  a  general 
rule  that  the  nature  of  a  curve  which  is  required  to  fultil  the 
condition  of  a  maximum  or  minimum  admits  of  being  deter- 
mined independently  of  the  arbitrary  position  of  the  origin  of 
coordinates.  This  might  be  done  in  the  present  instance  by 
adopting  the  principles  expressed  by  the  two  Lemmas  I  have 
announced  in  the  Philosophical  Magazine  for  July,  p.  28. 

The  method  of  integration  by  the  intervention  of  an  cvolute, 
employed  in  the  solutions  of  the  second  and  third  problems  dis- 
cussed in  the  July  Number,  is  so  entirely  new  that  I  might  have 
anticipated  that  its  application  in  the  Calculus  of  Variations 
would  be  called  in  question.  I  shall  be  glad  to  give  attention 
to  any  arguments  Mr.  Todhunter  may  bring  against  the  results 
to  which  the  method  has  conducted  in  those  instances.  Although 
the  two  problems  have  hitherto  received  only  discontinuous  so- 
lutions, I  venture  to  assert  that,  whether  or  not  I  have  been  suc- 
cessful, they  must  also  admit  of  continuous  solutions  such  as 
those  which  I  profess  to  have  obtained.  It  might  be  worth 
while  to  compare  the  content  of  a  maximum  solid  given  by  the 
discontinuous  solution  v/ith  that  of  the  solid  deducible  from  the 
same  data  by  the  new  method,  for  the  purpose  of  determining 
which  is  the  greater ;  but  at  present  I  have  not  leisure  for  the 
requisite  numerical  calculation. 
Cambridge,  December  8,  1871. 

VIII.  Pi'oceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 

[Continued  from  vol.  xlii.  p.  385.] 
February  23,  1871. — William  Spottiswoode,  M.A.,  Treasurer  and 
Vice-President,  in  the  Chair. 
^HE  following;  commmucation  was  read: — 

-*-      "  On  the  Thermo-electric  Action  of  Metals  and  Liquids."     By 
George  Gore,  F.Il.S. 

It  is  well  known  that  the  degree  of  rapidity  with  which  a  metal 
imniersed  in  an  acid,  alkaline,  or  saline  liquid  is  corroded  varies 
considerably  with  the  temperature,  and  that  the  speed  of  cbrrosiou 
usually  increases  with  the  heat ;  also  a  few  experiments  have  been 
published  (Grnelin's  '  Handbook  of  Chemistry,'  vol.  i.  p.  375)  show- 
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ing  that  changes  of  electrical  state  occur  ia  metals  under  such  cir- 
cumstances ;  but  a  further  examination  of  the  relations  of  the  tem- 
perature and  chemical  change  to  the  electrical  state  has  not,  that  I  am 
aware,  yet  been  made. 

In  an  investigation  on  the  development  of  electric  currents  by  un- 
equally heated  metals  in  liquids  (Phil.  Mag.  1857,  vol.  xiii.  p.  1),  I 
found  that  hot  platinum  was  electro-negative  to  cold  platinum  in 
liquids  of  acid  reaction,  and  positive  to  it  in  alkaline  ones,  provided 
in  all  cases  chemical  action  was  completely  or  suflficieutly  excluded. 
In  the  present  experiments  I  have  endeavoured  to  ascertain  what 
electrical  changes  are  produced  in  cases  where  chemical  action  more 
freely  occurs,  and  I  have  therefore  employed  not  platinum  plates, 
but  plates  composed  of  a  metal  (copper)  which  is  more  easily  corroded. 

To  effect  the  object  I  had  in  view,  I  used  the  apparatus  shown  in 
section  in  fig.  1,  and  in  perspective,  with  its  wooden  support,  in  fig.  2, 

Fis:.  1. 


A 'and  B,  fig.  I,  are^two  open  thin  glass  dishes,  6|  inches  dia- 
meter, and  Ij  inch  deep,  with  open  necks.  The  dishes  are  joined 
together,  water-tight,  by  a  bent  glass  tube,  C,  about  I  inch  in  dia- 
meter ;  and  the  whole  arrangement  is  securely  fixed  upon  a  wooden 
frame  or  stand,  so  that  it  may  be  at  once  placed  in  an  exactly  hori- 
zontal position,  or  inverted  to  pour  out  its  contents,  D  and  E  are 
two  dishes  of  sheet  copper  of  moderate  thickness,  made  from  con- 
tiguous portions  of  a  sheet  of  metal  to  ensure  electrical  homoge- 
neity in  the  experiments.  Wires  of  similar  metals  are  attached  to 
the  dishes  for  the  purpose  of  connexion  with  a  galvanometer.  A 
galvanometer,  containing  about  ISO  turns  of  moderately  fine  copper 
wire,  is  sufficiently  sensitive  for  the  experiments.  The  outside  of  the 
metal  dishes  must  be  made  perfectly  clean  and  bright  immediately 
before  each  experiment. 

In  using  the  apparatus  it  is  first  set  exactly  horizontal,  and  a  known 
and  measured  volume  of  the  clear  liquid  to  be  examined,  at  the  tem- 
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pcrature  of  tlie  atmosphere  and  sufficient  to  fill  it  to  the  Hne  F  F, 
is  poured  in ;  the  metal  dishes  are  then  steadily  placed  in  the  glass 
vessels  and  connected  with  the  galvanometer,  taking  care  that  no 
air-bubl)les  remain  beneath  them.  As  soon  as  the  galvanometer- 
needles  have  settled  at  zero,  one  of  the  dishes  is  quickly  filled  with 
boiling  water,  and  the  directions  and  amounts  of  the  temporary  and 
jtermanent  deflections  noted. 

The  following  are  Tables  of  results  obtained  with  various  liquids, 
the  solutions  being  diluted  in  each  case  to  a  specified  measure  by 
addition  of  distilled  water.  Those  of  the  experiments  in  which  20 
ounces  of  liquid  were  used,  were  nearly  all  of  them  made  with  an 
apparatus  in  which  the  connecting-tube  C  was  of  somewhat  less 
diameter  ;  .ind  the  deflections  obtained  by  that  apparatus  were  less 
in  extent  than  those  obtained  with  the  '•  new  apparatus,"  because  in 
the  latter  the  conduction-resistance  was  somewliat  less.  The  values 
of  the  deflections  given  in  the  Tables  arc  in  all  cases  those  of  the 
temporary  ones  ;  and  the  liquid  used  for  diluting  the  solutions  was 
in  all  cases  water. 

Pure  Nitric  Acid. 
Ounces  of  strong  acid  Value  of 

iS'o.     dilutod  to  20ozs.witli  water.  Deflection. 


1 -,V  •■••  '0045 

2 .1-  ....  -0012 

o \  ....  -GO:!!) 

4 i  ....  -OiOZ 

T) i  ....  -1111 

(1 2  •0.%6 

7 3  ....  -0578 

8 4  ....  -41)54 


The  hot  plate  was  nega- 
tive and  much  acted  upon, 
especially  with  the  stronger 
mixtures.  With  the  stronger 
'  mixtures  a  little  gas  was 
evolved  at  (iCF  Fahr.,  and  a 
large  amount  directly  the 
heat  was  applied. 

Pin-e  Hydrochloric  Acid. 

Ounces  of  strong  acid  Value  of 

No.         diluted  to  20  ozs.  Deflection." 

1 ^\  -OOtU]      The  hot  plate  was  posi- 

2 -1-  -O.-iyO     tive.     The  amount  of  stain 

3 ^  ....  -1112  [  upon  the  hot  plate  was  very 

4 -J-  ....  •28.'34  r  small,  and  was  in  the  form 

5 1  ....  •57;]]  1  of  a  darlc  line  at  the  edge  of 

0 2  2-044(3J  the  liquid. 

Chloric  Acid. 

Omices  of  strong  acid  Value  of 

K'o.         diluted  to  "10  ozs.  Deflection. 

1 -j'j.                  -0002]      The  hot  plate  was  nega- 

2 -J-                    -OOIG     tive,  and  was  hut  little  acted 

.3 I                    -0040  !  upon.     With  the  strongest 

4 -^                    ....  -0287  f  mixture,  the  liquid  in  con- 

5 i                    ....  •12.'54  I  tact  with  tiie  hot  plate  soou 

0 2                  ....  •2005J  became  green. 

Jlydrohromic  Acid. 
,,-    ,      . ,  Value  of 

•N'  VI   ,    1  i     1(1  Dilcction. 

>o.        diluted  to  10  oza.  .     j^^^  ^^^^^  negative.  Hoth 

., 1  '"'  ri/.<i' SPlfttce  much  stained,  the  cold 

^ ^  ••••  '^^■^'  I  one  the  most  60. 


Action  of  Metals  and  Liquids, 


57 


Crystallized  Boracic  Acid. 

The  hot  plate  was  positive.  A  series  of  six  solutions  was  cm- 
ployed,  containing  from  50  grains  to  nearly  400  grains  in  20  ounces 
by  measure  of  water,  the  strongest  being  a  saturated  solution.  The 
currents  obtained  were  extremely  feeble,  and  the  plates  were  not  tar- 
nished. 

Aqueous  HydroJluosiUcic  Acid. 

Yalue  of  deflection  '1488.  The  hot  plate  was  negative,  and  became 
a  little  tarnished. 

Pure  Sulphuric  Acid. 

Ounces  of  strong  acid  Value  of 

No,         diluted  to  20  ozs.  Deflection. 

1 tV  ••••  -oorri 

2 i  ....  -0161 

3 i  ....  -0418 

4 i  ....  -0878 

5 1                          -1044 

6 2  ....  -0327 

7 4  ....  -00:37 

8 8  ....  -oaioj 


The  hot  plate  was 
negative,  and  the 
plates  were_but  little 
tarnished. 


Xo. 
1. 
2. 
3. 
4. 
5. 


ISO. 

1. 
2. 

3.' 


Pure  Phosphoric  Acid,  solid. 
Grains  of  the  glacial  acid  Value  of 


diluted  to  20  ozs. 
100 
200 
400 
800 
1600 


Deflection, 
•GOOOo 
•00005 
•00040 
•00060 


•00370J 


The  hot  plate  was 
[  positive,  and  the 
["plates  -svere  not  vi- 
ibly  tarnished. 


Chloride  of  Copper  (Basic  ;  solution  filtered). 

Grains  of  the  salt  Value  of 

diluted  to  12  ozs.  Deflection. 

100                     ....  -0025     Hot  copper  positive. 

...       500                     ....  -0198 ' 

. .  .     1000  -0025 


neorative. 


Much  action  on  both  plates,  especially  the  hot  one,  and  basic 
chloride  of  copper  formed. 

Chlorate  of  Copper. 
In  a  moderately  strong  solution  of  this  salt,  which  had  been  di- 
gested with  an  excess  of  carbonate  of  copper  and  filtered,  the  hot 
plate  was  negative  ;  value  of  deflection  -2997.  Both  plates  were  acted 
upon,  but  the  hot  one  the  most.  The  liquid  had  a  feebly  acid 
reaction. 

Sulphate  of  Copper, 

Value  of 
Deflection. 
• .  • .  '0016    Hot  copper  negative. 

•0081     Liquid  acid. 


Grains  diluted 

No. 

to  20  ozs. 

1. 

....    249'5 

2. 

....    499-0 
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Chloride  of  Cobalt. 


No. 
1. 
2 

Value  of 
Ounces  dilutod                                     Deflection. 

to  12  ozs.                                                    (     Hot   copper  posi- 
. . . .     ^  oz.  saturated  solution                '1247  Jtive.  Liquid  acid.  No 
. ...     3  ozs.         „             „                    1-2726  1  stains,  except  slightly 

( at  edge  of  hot  liquid. 

Protosulphate  of  Iron. 

No. 
1. 

Grains  diluted                                      Value  of 
to  12  ozs.                                       Deflection. 
200                    -0198    Hot  copper  negative. 

QQQ  •0"'04  /  ^^  stains  on  either  ^ 

'  ■  ■  *  '      \     plate. 

Chloride  of  Manganese. 

Grains  diluted  ^t'^''^ 

No.  to  VI  O..S.  Deflection 

1 100  ...  -04,30       ^^^^  'r^PP'^'*  positive. 

I  No  stains. 

2 1000  ....  lOOOo  I     Liquid  neutral,  or 

( very  laiutly  acid. 

Chromic  Jcid. 

Value  of 
Ounces  of  strong  solution  Deflection. 

No.        diluted  to  12  ozs.  i      Hot  copper  positive. 

1 5  ••••  *0987  J  Both  plates  much  acted 

2 2  18-8034  1  upon,  apparently  the 

( cold  one  the  most. 

Chloride  of  Chromium. 

Value  of 

^  -  ,  ,  ,.  Deflection. 

Ounces  01  stronfT  solution  tt  j. «  -i.- 

No.         diluted  to  lU  ozs.  (  ^^  "^*  f  PP«^  P««^tl^«: 

2  I  •0'^n3  1  plrttes    appeared 

I  ■■■'  ,,  Hi  ,j -!  unaffected.    The  solu- 

/  tion  -was  weakly  acid 
^  to  test-paper. 

Nitrate  of  Lead. 

Value  of 
No.  Grains.  Deflection. 

1 100  diluted  to  12  ozs.  -0009  ! ..  "']*  .P^**®  negative. 

I  INo  .stains. 

2 Saturated  solution  (undiluted)  -0259    ,  ^''T""^..  <^^tr«"iely 

^  ^  I  laiiitly  acid. 

Sulphate  of  Zinc. 

Grains  diluted  Value  of 

No.  to  20  ozs.  Deflection. 

1 287  -0080    Hot  copper  negative,  \  Liquid 

- 674  -0048  „  positive.    |  neutral. 
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Sulphate  of  Maffnesiutn. 
Value  of 


^0. 

Grains.                                            Deflection. 

1.    .. 

50  diluted  to  20  ozs. 

•0001^ 

2.     .. 

••       100      „            „ 

•0002 

, 

3,     .. 

..       200      „            „ 

•OOOG 

4.     .. 

..       24G      „            „ 

•0100 

5.     .. 

..       400      „            „ 

•0036 

^     Hot  copper  positive, 

6.     .. 

..       492      „            „ 

•0208 

"and  liquid  neutral. 

7.     .. 

..       800      „            „ 

•0130 

8.     .. 

..     1000      „            „ 

•0228 

9.     .. 

..     2000      „            „ 

•0607 

0.     .. 

. .     Saturated  solution  (undiluted) 

•0463 

Chloride  of  Calcium. 

1400  grains  diluted  to  20  ounces.  Value  of  deflection  '2935. 
Hot  copper  positive.  Liquid  neutral.  Hardly  any  stain,  most  on 
hot  plate. 


No. 
1. 


No. 
1. 
2. 
3". 
4. 


No. 
1. 
o 


No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


Grains  diluted 

to  12  ozs. 

100 

. .      1000 


Grains  diluted 

to  20  ozs. 
.  .        400 
. .       800 
. .     1600 
. .     3200 


Nitrate  of  Strontium. 

Value  of 

Deflection. 
....  •0368  [■     Hot  plate  positive. 

.f,of)i  •{  No     stain.       Liquid 
■ '  *  *  -  -^    1^  neutral. 


Chloride  of  Strontium. 

Value  of 

Deflection 

•2088 ) 


Hot  copper  positive. 
3277  [  Liquid  neutral.  Hardly 
6671  r  any  chemical  action, 
6654  j  most  on  hot  plate. 


Nitrate  of  Barium, 


Value  of 

--,     •  Deflection. 

Grains, 

100  diluted  to  20  ozs.  -0016 

Saturated  solution  (undiluted)    -1170 

Chloride  of  Barium. 

Value  of 

Grains.  Deflection. 

50  diluted  to  20  ozs.  •OOIO^ 

100      „             „  ^0049 

200      „            „  ^0145 

244       „            „  -0257 

400      „            „  ^0214  1> 

488      „            ,,  -0259 

800      „             „  ^0234 

1600       „            „  -9802 


Hot  copper  positive. 
No  stain.  Liquid  neu- 
tral. 


Saturated,  solution  (urjdiluted).  ^314^^ 


Hot  copper  positive. 
Liquid  neutral.  A 
little  copper  was  dis- 
solved by  the  solution. 
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No. 
1. 

2 


Grains  diluted 

to  20  ozs. 
.  .       85 
. .     255 
. .     510 


Nitrate  of  Sodium. 

Value  of 
Deflection. 
•0025    Hot  copper  negative. 
•0328  I 
•1015  j  "         positive. 


Liquid 
neutral. 


No. 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
1.3. 
14. 
15. 
16. 


Grains. 

12-5  diluted  to  20  ozs 
25 


Chloride  of  Sodium. 

Value  of 

Deflection. 

•0001] 

•0012 

,50         '„  ',;  -0081 

75  „  „  -01.53 

100         „  „  -0203 

1.50         „  „  -0512 

200         „  „  -0819 

250         „  „  -lOlG 

300         „  „  •llOO 

400         „  „  -1906 

500         „  „  ^2241 

GOO         „  „  -2708 

800         „  „  ^3473 

1000         „  „  -4884  I 

2000         „  „  -42.37 

Saturated  solution  (undiluted)  •3479J 


Hot  copper  positive. 
Tarnishatedge  of  hot 
liquid,  especially  with 
the  strongest  solu- 
tions. 


No. 
1. 
2. 


Grains  diluted 

to  12  ozs. 
.  .        100     .  . . 
.  .      ICOO     .  .  . 


Iodide  of  Sodium. 


Value  of 
Deflection. 
,      -0100 
.      -0819 


Hot  copper  negative. 
„         positive. 


Liquid  alkaline. 

Ko  stains. 


No. 
1. 
o 


Carbonate  of  Sodium. 

Grains  diluted  Value  of 

to  20  ozs.  Deflection. 

280  ....  -0468     Hot  copper  pos^itive. 

. .       572  -1673    Liquid  alkaline. 


Biborate  of  Sodium. 

Six  ounces  of  a  saturated  solution  diluted  to  12  ounces.      Hot 
copper  was  positive ;  value  of  deflection  •0452. 


Sulphate  of  Sodium. 


Grains  diluted 

Value  of 

No. 

to  20  ozs. 

Dfflection. 

1. 

A.0 

•0001    Hot  copper  negative. 

)r.       ., 

2. 

. . . .       100 

•0009) 

1  Liquid 

.3." 

. . . .       200 

•OOUiV           ,,         positive. 

I  neutral 

4. 

. ...     lOOO 

•U170| 

) 
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Phosphate  of  Sodium. 

Grains  diluted  Value  of 

No.  to  20  ozs.  Deflection, 

1.  . .       358  ....  -0382     illot  copper  positive. 

2.  . .       716  ....  -064:8    [Liquid  alkaline. 


No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 


No. 

1. 

2. 

3. 

4. 

5. 

G. 

7. 

8. 

9. 
10. 
11. 
12. 


No. 
]. 
2. 


No. 
1. 
2. 
3. 


No. 
1. 
2. 
3. 


Nitrate  of  Potassium. 

Value  of 

Deflection. 

•0025  ) 

•0107 

•0259 

•0G47 

•1328 

•2997 


Grains. 

50  diluted  to  20  ozs. 

100      „ 

200      „ 

400      „ 

800      „  „ 

1600      „ 
Saturated  solution(undiluted)  -2852 


Hot  plate  positive.    No 
>stain9  at  all  on  tlie  plates. 
Solution  quite  neutral. 


Chloride  of  Potassium. 

Value  of 


Grains. 

25  diluted  to  20  ozs. 

60  „ 

100  „ 

200  „ 

300  „ 

400  „ 

500  „ 

600  „ 

800  „ 

1000  „ 

2000  „ 


Deflection 
•0010^ 
•0064 
•0145 
•0442 
•0667 


Hot  plate  positive,  and 
became  tarnished  at  the 
edge  of  the  liquid,  especi- 


•0882  [  ally  with  the  stronger  so- 
•1239  j  lutions.  Traces  of  copper 
•1390  were  found  to  have  dis- 
•1874  solved.  The  solutions 
•2443  were  neutral  to  test-paper. 
•6371 


Saturated  solution  (undiluted)  "8439^ 


Grains  diluted 

to  20  ozs. 
,  .     122-5 
. .     2450 


Grains  diluted 

to  20  ozs. 
.  .        100 
.  .       500 
. .     1000 


Grains  diluted 

to  12  ozs. 
. .       100 
. .       550 
. .     1000 


Chlorate  of  Potassium. 

Value  of 

Deflection. 
•00'4   1     ■^^^^  plate   positive,   and 
,Q ,  ro  •}  became  tarnished.  Solution 
' ' ' '  '  '     I  neutral. 


Bromide  of  Potassium. 

Value  of 
Deflection. 
....        -0497     Hot  plate  negative. 

•1080) 
....        ^3150  "        positive. 


No  stains. 

Liquid 

neutral. 


Iodide  of  Potassium, 


Value  of 
Deflection. 

:°fi[  Hotplate  negative,   I  ^'0^„»J5"- 

•0159  J,        positive,    j  neutral. 
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lodate  of  Potassium. 

Value  of 
Deflection. 
No.  Grains.  (     Hot  plate  negative. 

1 100  diluted  to  12  ozs.  -0064  J  Both     plates     much 

2 Saturated  solution  (undiluted)  -0100  j  stained  by  formation 

(  of  iodide  of  copper. 


, 

Acid  Carbonate  of  Potassium. 

Value  of 

No. 

Grains. 

Deflection. 

1.     .. 

50  diluted  to  20  ozs.                 -0049 1 

2.     .. 

. .       100 

)f 

„                          -0170 

Hot  plate  positive. 

3.     . . 

200 

» 

„                         -0497 

The  liquid  on  evapo- 

4.    .. 

.  .       400 

f> 

„                         -0818 

ration  was  green  with 

5.     .. 

.  .       600 

)j 

„                         -1.329 

^dissolved  copper.    Li- 

6.    ., 

. .       800 

}> 

„                        -1978 

quid   alkaline.      Hot 

7.     .. 

..     1000 

}} 

„                         -2441 

plate  alone  much  tar- 

8.    .. 

. .     2000 

»» 

.      „                         -4210 

nished. 

9.     .. 

. .     Saturated  solution  (undiluted)    -5451^ 

Carbonate  of  Potassium. 

Value  of 

No. 

Grains. 

Deflection. 

1.     .. 

60  diluted  to  20  ozs.                -0122^ 

2.     .. 

..       100 

„                          -0382 

3.     .. 

..       200 

„                         -1770 

4.     .. 

..       400 

„                         -3719 

5.     .. 

..       800 

„                         -7521 

>Hot  plate  positive. 

c.    . , 

. .     1000 

„                       2-2400 

7.     .. 

. .     2400 

„                      3-7708 

a    .. 

..     3200 

•4307 

9.     .. 

. .     Saturated  solution  (undiluted)    •4031^ 

Acid  Sulphate  of  Potassiutn. 

Saturated  solution  (undiluted).  Value  of  deflection  '1047.     Hot 
plate  negative. 

Bichromate  of  Potassiutn. 

Grains  diluted  Value  of 

No.              to  20  0Z.S.  Deflection. 

1 295                    ....  -0785 1  „  ^       ,1        .,. 

2.                 590  -1644  f  Ho*  "^^t"^  positive. 


Chrome  Alum. 

No. 
1. 
2. 

Grains  diluted 
to  20  ozs. 
. . . .     249-8 
. . . .     490G 

Value  of 
Deflection 

-0019 
•0004 

1  Hot  metal  negative. 
Liquid  of  acid  reac- 
tion. 

Aqueous  Ammonia. 
Copper  in  a  mixture   of  4  ounces  of  water  and  400  grains  of 
aqueous  ammonia  at  180°  Falir.  was  electro-positive  to  copper  in 
the  same  mixture  at  60°  Fahr. 
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No. 
1. 
2. 
3. 


No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 


Nitrate  of  Ammonium. 

Grains  diluted  Value  of 

to  20  ozs.  Deflection. 

"040  '"*  •0'^28l      Hot  plate  negative. 

:;       480  ::;:  .O^gof  Add  reaction. 

Chloride  of  Ammonium. 

Value  of 
Grains.  Deflection. 

25  diluted  to  20  ozs.  -0020 1 


50 

100 

200 

400 

800 

1000 

1600 

2000 


7/77 

Saturated  solution  (undiluted)   *1210J 
Aqueous  Hydrocyanic  Acid. 


•0029  Hot  copper  positive. 
•0147  Solutions  extremely 
•0647  faintly  acid.  Both 
•1583  (plates  tarnished  by 
•5551  I  the  stronger  solution 
•6744  -  -  - 
•0258 
•7479 


but  the  hot  one  the 
most  so,  and  a  little 
copper  -was  dissolved. 


Scheele's  strength, 
of  deflection  -0006. 


No. 
1. 

2. 


No. 
1. 
2. 


No. 
1. 
2. 
3. 
4. 
5. 
6. 


Grains  diluted 

to  12  oza. 
.  .        100 
. .     1000 


The  hot  plate  tvas  feebly  positive.     Value 

Cyanide  of  Potassium. 

Value  of 
Deflection. 

r  Hot  copper  positive* 

.nQi-A     Much     gas    evolved 

■•'*  ,  QijL^<;  from  the    hot    plate 

"  ■ '  *  I  only  in  the  strongest 

l^solution. 


Grains  diluted 

to  20  0Z8. 
.  .       500 
. .     1000 


Ferrocyanide  of  Potassium. 
Value  of 
Deflection. 

/Hot  plate  positive. 
Liquid    feebly  alka- 
•{X)45  ''  ^^^®'    -^^^^  plates  be- 
'  ■ ' '  j  came  pink  like  new 

(^copper. 
Oxalic  Acid. 

Value  of 
Deflection. 
•0001^ 
•0002 
•OOOG 
•0016 
•0064 


Grains. 

25  diluted  to  20  ozs. 

50  ,, 
100  „ 
200  „ 
400      „ 


Saturated  solution  (undiluted)    -0070 


The  hot  plate  was 

negative,     and  the 

plates  were  not  tar- 
nished at  all. 


Glacial  Acetic  Acid. 
The  hot  plate  was  negative.     Seven  solutions,  containing  from^l;; 
ounce  to  4  ounces  by  measure  of  the  acid  in  20  ounces  by  measure, 
gave  only  extremely  feeble  currents.     The  plates  remained  bright. 
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No. 
1. 
2. 
3. 

4. 
5. 
G. 

7. 
8, 


No. 
1. 

9. 

4. 


Grains  diluted 

to  20  0Z3. 

50 

. .  100 

. .  200 

. .  400 

. .  800 

. .  1000 

. .  2000 

, .  2727 


Grains  diluted 
to  20  ozs. 
50 
. .  100 
. .  200 
. .  400 
. .  500 
. .  800 
. .  1000 
. .  IGOO 
. .     2000 


Acetate  of  Sodium. 

Value  of 
Deflection 

-00  un 

•0070 

-0193 

•0594 
•1328 
•2202 
•2850 
•2997J 


Hot  plate  positive. 
■Solutiou  alkaline  to 
test-paper. 


Acetate  of  Zinc. 

Value  of 
Deflection. 

•0001 

-OOOG 

•OOIG 

•0025 

....  -0020  ^Hot  plate  positive. 
-0020 

•0012 

•0004 

•0001 


Crystallized  Tartaric  Acid. 
Tlie  hot  plate  was  negative.      Eight  different  solutions,  varying  in 
strength  from  50  to  3200  grains  in  20  ounces  by  measure  of  the  so- 
lution, were  tried ;  but  very  feeble  currents  wore  obtained,  and  the 
plates  were  not  tarnished. 

Crystallized  Citric  Acid, 

Tlie  hot  plate  was  negative.  With  a  series  of  seven  solutions, 
varying  iu  strength  from  50  to  3200  grains  in  20  ounces  of  liquid, 
more  feeble  results,  even,  than  those  with  tartaric  acid  were  obtained, 
and  the  plates  were  net  tarnished.  Probably,  with  this  substance 
and  with  others  where  the  resulting  currents  were  very  feeble,  more 
distinct  effects  would  be  obtained  by  employing  a  galvanometer  of 
much  greater  electrical  resistance. 

Several  experiments  similar  to  those  already  described  were  made 
with  the  apparatus  shown  in  fig.  3.  The  apparatus  consists  of  a 
glass  bealvcr  containing  the  liquid,  and  two  platinum  electrodes — A 
being  a  dis^k  of  platinum  rivetted  to  a  platinum  wire  enclosed  by  a 
glass  tube,  13,  and  C  a  platinum  crucible  (for  receiving  the  boiling 
water)  with  a  platinum  wire  rivetted  to  it. 

Experiment  1. — With  a  solution  of  100  grains  of  citric  acid  in  2 
ounces  of  distilled  water,  the  hot  platinum  cup  was  negative,  the  value 
of  the  temporary  deflection  being  •0007. 

Experiment  2. — With  100  grains  of  tartaric  acid  in  2  ounces  of 
water,  the  hot  cup  was  negative,  value  of  deflection    0001. 

Experiment  3. — With  100  grains  of  raccmic  acid  in  2  ounces  of 
water  the  hot  cup  was  negative,  value  of  deflection  •OOOOj. 
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The  negative  condition  excited  in  the  hot  platinum  cup  in  the  so- 
lutions of  citric  and  tartaric  acid  agrees  with  the  results  obtained 
with  copper  in  those  liquids. 


I  have  already  shown  (Phil.  Mag.  18.57,  vol.  xiii.  p.  1)  that  the 
currents  obtained  with  platinum  electrodes  are  not  due  to  the  in- 
fluence of  atmospheric  air  upon  the  liquid  and  metal  at  their  line  of 
mutual  contact ;  for,  in  the  experiments  there  recorded,  atmospheric 
air  was  entirely  excluded,  and  the  liquids  were  previously  well  boiled. 

To  test  the  influence  o{  size  of  the  cold  electrode,  I  took  a  platinum 
dish,  A  (see  fig.  4),  .i  inches  wide  and  1^  inch  deep,  in  a  glass 
vessel  of  the  annexed  form,  B,  closed  at  its  lower  end  by  a  cork, 
and  containing  in  its  neck  two  platinum  electrodes,  one  consisting  of 
a  wire,  C,  and  the  other  of  a  sheet  2  inches  long  and  2  inches  wide 
in  the  form  of  a  cylinder,  D. 

With  a  cold  mixture  composed  of  3  j  ounces  of  water  and  |  of  an 
ounce  by  measure  of  strong  sulphuric  acid,  and  the  sheet  of  pla- 
tinum as  the  lower  electrode,  on  pouring  boiling  water  into  the  dish 
a  deflection  of  the  value  of  "0064  was  obtained,  the  cold  electrode 
being  positive  ;  but  with  the  wire  as  the  lower  electrode  no  percep- 
tible deflection  occurred.  These  results  were  obtained  repeatedly. 
The  electric  currents  are  therefore  largely  dependent  upon  the  size 
of  the  cold  electrode. 

Geyieral  Results. 

The  chief  fact  brought  out  conspicuously  by  these  experiments 
with  copper  dishes  is,  that  in  many  cases  an  increase  of  chemical 
action  produced  by  heat,  instead  of  making  the  hot  metal  electro- 
positive, makes  it  considerably  negative. 

The  results  show  that  hot  copper  was  positive  to  cold  copper  in 
the  following  liquids  : — hydrochloric,  hydrocyanic,  boracic,  and  tri- 
basic  or  orthophosphoric  acids  ;  chloride  of  copper  (weak  solution) ; 
chloride  of  cobalt ;  chloride  of  manganese  ;  chromic  acid  ;  chloride 
of  chromium  ;  sulphate  of  zinc  (weak  solution);  sulphate  of  mag- 
nesia; chloride  of  calcium  ;  nitrate  and  chloride  of  strontium  ;  chlo- 
ride of  barium  ;  nitrate  of  sodium  (strong  solution)  ;  chloride,  iodide, 
carbonate,  and  biborate  of  sodium  ;  sulphate  of  sodium  (strong  so- 
lution) ;  tribasic  phosphate  of  sodium  ;  nitrate,  chloride,  and  chlorate 
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of  potassium  ;  bromide  of  potassium  (strong  solution)  ;  iodide  of 
potassium  (strong  solution)  ;  carbonate,  acid  carbonate,  and  bichro- 
mate of  potassium  ;  aqueous  ammonia  ;  chloride  of  ammonium  ;  cya- 
nide and  ferrocyauide  of  potassium  ;  acetate  of  zinc ;  and  acetate  of 
sodium.  And  negative  in  the  following  ones: — nitric,  chloric,  hy- 
drobromic,  hydrofiuosilicic,  and  sulphuric  acids;  ferrous  sulphate; 
chloride  of  copper  (strong  solution)  ;  sulphate  of  copper  ;  sulphate 
of  zinc  (strong  solution)  ;  nitrate  and  iodide  of  sodium  (weak  solu- 
tions) ;  bromide  and  iodide  of  potassium  (weak  solutions)  ;  iodate 
of  potassium  ;  chrome  alum ;  nitrate  of  ammonium ;  oxalic,  acetic, 
tartaric,  and  citric  acids.  The  number  of  hquids  in  which  hot  cop- 
per was  positive  was  thirty-six,  and  of  those  in  which  it  was  negative 
was  twenty. 

In  several  instances  where  the  hot  metal  was  negative  with  a  weak 
solution,  it  became  positive  with  a  strong  one — for  instance,  with 
sulphate  of  zinc,  nitrate,  iodide,  and  sulphate  of  sodium,  bromide 
and  iodide  of  potassium ;  but  with  chloride  of  copper  the  reverse 
occurred.  These  results  may  be  connected  with  the  fact  that  in  weak 
neutral  solutions  the  chemical  action  is  generally  the  most  feeble,  and 
therefore  interferes  the  least  with  the  direct  influence  of  the  heat  in 
producing  electric  currents. 

The  influence  of  free  hydrochloric,  hydrocyanic,  boracic,  ortho- 
phosphoric,  and  chromic  acids  was  to  make  the  hot  copper  positive  ; 
whilst  that  of  nitric,  chloric,  hydrobromic,  hydrofluosilicic,  sulphuric, 
and  some  of  the  organic  acids  was  to  make  it  negative. 

In  consequence,  probably,  of  the  small  amount  of  interference  by 
chemical  action  in  solutions  of  oxalic,  acetic,  tartaric,  and  citric 
acids,  the  direct  influence  of  the  heat  made  the  copper  negative — 
similar  to  its  influence  on  platinum  in  all  acid  liquids  which  do  not 
attack  that  metal. 

The  nature  of  the  acid  in  a  salt  appears  to  exert  much  more  in- 
fluence than  that  of  the  base  on  the  direction  of  the  current ;  for 
instance,  in  nearly  all  chlorides,  including  those  of  a  considerable 
variety  of  bases,  hot  copper  was  positive,  probably  because  copper  is 
more  readily  attacked  by  acids  than  by  bases. 

In  all  decidedly  alkaline  liquids  the  hot  copper  was  positive ; 
this  is  similar  to  the  behaviour  of  platinum  in  such  solutions,  and  is 
probably  due  to  the  same  cause,  viz.  the  direct  influence  of  the  heat, 
as  well  as  to  chemical  action. 

The  results  also  show  that  the  quantity  of  the  current  obtained  with 
any  given  litpiid  generally  increases  with  the  number  of  molecules  of 
the  substance  contained  in  the  solution  ;  in  some  cases,  however,  as 
with  sul[)huric  acid,  carbonate  of  potassium,  chloride  of  ammonium, 
ai;d  acetate  of  zinc,  there  was  a  limit  to  this  increase ;  and  beyond 
that  hmit  the  (piantity  of  the  current  decreased  up  to  the  point  of 
saturation  of  the  li(pii(l. 

In  the  great  majority  of  cases  the  value  of  the  deflection  increased 
much  more  rajjidly  than  the  strength  of  the  solution,  particularly 
with  solutions  of  sulphate  of  magnesia,  and  also  of  hydrochloric  acid 
and  of  chloride  of  sodium,  probably  because  two  causes  operated, 
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viz.  increased  strength  of  solution  and  diminished  conduction-resist- 
ance ;  in  a  very  few  cases,  however,  the  o])posite  result  took  jdace, 
as  with  solutions  of  chloride  and  nitrate  of  strontium. 

Inversions  of  the  direction  of  the  deflection  by  difference  of  strength 
of  the  liquid  occurred  with  solutions  of  chloride  of  copper,  sulphate 
of  zinc,  nitrate,  iodide,  and  sulphate  of  sodium,  bromide  and  iodide 
of  potassium. 

Irregularities  of  the  amount  of  deflection  were  very  apt  to  take 
place  with  liquids  which  gave  strong  deflections,  or  which  acted  much 
upon  the  copper  plates  (for  instance,  nitric  acid),  especially  if  bubbles 
of  air  remained  under  the  plates,  or  the  dishes  were  wetted  on  their 
side  above  the  liquid  by  the  solution. 

In  certain  acid  liquids,  viz.  nitric,  chloric,  hydrobromic,  hydrofluo- 
silicic,  and  sulphuric  acids,  the  hot  copper  was  strongly  negative  (not- 
withstanding the  chemical  action  upon  it  was  distinct,  and  in  some 
cases  even  strong)  ;  this  is  similar  to  the  electrical  behaviour  of  pla- 
tinum in  such  liquids,  and  may  be  attributed  either  to  the  more 
direct  influence  of  the  heat  alone  (such  as  occurs  with  platinum 
plates),  or  to  a  different  influence  of  the  chemical  action  produced 
by  the  heat.     Both  these  causes  probably  operate  in  such  cases. 

It  is  probable  that  in  all  cases  where  the  hot  copper  Wt.s  positive 
in  liquids  of  strongly  acid  reaction,  the  positive  condition  was  due  to 
chemical  action  alone. 

With  some  liquids,  especially  with  solutions  of  hydrocyanic,  bo- 
racic,  acetic,  tartaric,  and  citric  acids,  the  deflections  were  very  feeble, 
and  the  chemical  action  on  the  plates  not  perceptible ;  whilst  with 
others,  such  as  nitric,  and  chloric  acids,  solutions  of  the  chlorides  of 
strontium,  sodium,  potassium,  and  ammonium,  and  of  carbonate,  acid 
carbonate,  and  cyanide  of  potassium,  the  deflections  were  consider- 
able, and  the  chemical  action  distinct,  and  in  some  cases  strong.  In 
none  of  the  liquids  (except  hydrobromic  and  chromic  acids)  did  the 
hot  plate  appear  to  be  less  stained  or  corroded  than  the  cold  one; 
probably  in  all  cases  it  was  the  most  corroded,  although  in  some  cases 
the  corrosion  was  not  perceptible. 

The  amouat  of  deflectioK  was  not  always  proportionate  to  the 
amount  of  chemical  action  ;  for  instance,  with  solutions  of  chloride 
of  copper  and  iodate  of  potassium  there  was  considerable  corrosion, 
but  only  feeble  currents,  probably  because  the  plates  became  covered 
with  a  badly  conducting  film,  whilst  with  hydrochloric  acid,  chloride 
of  cobalt,  chloride  of  manganese,  and  nitrate  of  potassium  the  reverse 
occurred. 

I  consider  the  currents  isa  all  these  exj>eriments  of  difference  of  tem- 
perature to  be  due  either,  1st,  to  the  direct  influence  of  heat,  the  effect 
of  which  is  to  make  the  hot  copper  negative  in  acid  liquids  and  po- 
sitive in  alkaline  ones  (see  Phil.  Mag,  1857,  vol.  xiii.  p.  1);  2nd,  to 
chemical  action,  which  sometimes  overpowers  the  direct  influence  of 
heat  and  reverses  the  effect;  or,  3rd,  to  both  these  influences  com- 
bined. The  more  ultimate  cause,  however,  of  the  phenomena  in 
these  cases  must  be  sought  for  in  the  molecular  movements  produced 
by  heat  in  the  metals  and  liquids. 

F2 
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The  currents  obtained  with  copper  plates  were  no  doubt  influ- 
enced in  their  amounts  (if  not  also  in  their  direction)  by  the  oxidizing 
action  of  the  air  upon  the  liquid  and  metal  at  their  line  of  mutual 
contact ;  for  we  know  that  metals  in  contact  with  liquids  oxidize 
much  more  quickly  if  oxygen  has  access  to  their  wet  surfaces.  And 
the  currents  were  also  influenced  by  the  action  of  unequal  temperature 
ujjon  this  air-contact  line ;  for  we  know  that  wet  metals  oxidize  still 
more  rapidly  if  heat  is  applied. 

Injluence  of  line  of  contact  of  liquid  and  metal  with  the  air. 

That  the  length  of  line  of  contact  of  the  liquid  and  copper  with 
the  air  is  capalde  of  producing  electric  currents  was  shown  by  the 
following  experiments : — 

Two  strips  of  sheet  copper  of  the  annexed  form  (fig.  .5),  |  inch  wide. 

Fig.  5.  Fig-  fi- 


and  12  inches  long  in  the  longest  limb,  were  cut  from  contiguous 
parts  of  a  sheet  of  copper,  and,  after  being  perfectly  cleaned,  were 
coiled  into  the  shape  represented  by  the  annexed  sketch,  fig.  6. 
They  were  then  placed  in  a  flat-bottomed  porcelain  dish  and  con- 
nected with  the  galvanometer,  one  of  the  spirals  being  supported  at 
about  I  inch  higher  than  the  other  by  means  of  a  triangle  of  glass 
rod.  The  liquid  to  be  examined  was  then  poured  into  the  dish  until 
it  just  (and  completely)  covered  the  lower  spiral,  and  the  direction 
and  amount  of  the  permanent  deflection  noted.  The  positions  of  the 
spirals  were  then  reversed  and  the  electrical  effects  again  noted. 

Experiment  1. —  With  a  liquid  composed  of  100  grains  of  cya- 
nide of  potassium  dissolved  in  12  ounces  of  water,  whichever  of  the 
spirals  was  only  partly  submerged  and  therefore  had  the  longest  air- 
lino,  was  strongly  electro-negative  to  the  wholly  submerged  one. 

Experiment  2. — With  a  mixture  of  one  measure  of  strong  nitric 
acid  and  ten  measures  of  water,  deflections  of  somewhat  less  amount, 
but  in  precisely  similar  directions  to  those  of  experiment  1,  took 
place. 

Experiment  ?>. — With  dilute  hydrobromic  acid  the  directions  of 
the  deflections  were  also  similar,  but  still  less  in  amount. 

Experiment  1. — With  a  half-saturated  solution  of  borax  very  feeble 
deflections,  agreeing  in  direction  with  those  of  the  other  experiments, 
were  obtained. 

These  results  show  the  necessity  (which  I  have  already  mentioned) 
of  excluding  air-bubbles  from  beneath  the  cojjpcr  dishes,  and  of  not 
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wetting  the  sides  of  the  dishes  by  the  liquid  above  tlie  level  of  their 
immersion. 

To  ascertain  the  influence  of  difference  of  temperature  of  the  air- 
contact  line  1  soldered  two  strips  of  perfectly  similar  sheet  copper, 
each  1 2  inches  long  and  g  inch  wide,  in  the  form  of  circular  hoops 
4  inches  in  diameter  upon  the  bottoms  of  two  tin  cups,  and  ground 
the  edges  of  the  strips  perfectly  lepel,  and  soldered  copper  wires  to 
them  for  connecting  with  the  galvanometer.  Two  glass  triangles 
were  now  putmto  the  apparatus,  fig.  1,  one  in  each  dish,  to  support 
the  cups,  and  a  mixture  of  one  measure  of  nitric  acid  and  12  mea- 
sures of  distilled  water  poured  in  until  it  just  touched  the  edges  all 
round  of  the  perfectly  horizontal  copper  rims  resting  on  the  tri- 
angles. After  the  needles  of  the  galvanometer  had  settled  at  zero, 
about  ten  ounces  of  boiling  water  was  poured  into  one  of  the  cups  ; 
a  temporary  deflection  of  the  value  "0560,  and  a  permanent  one  of 
value  '0709,  were  produced,  the  hot  metal  being  negative.  The  di- 
rection of  the  current  in  this  experiment  agrees  with  that  obtained 
with  the  same  mixture  and  the  copper  dishes  ;  and  the  result  indicates 
that  a  large  proportion  of  the  quantity  of  the  current  obtained  with 
copper  dishes  in  dilute  nitric  acid  was  due  to  the  action  of  the  air- 
contact  line. 

The  influence  of  the  air-line  is  largely  chemical.  "  A  piece  of 
copper  wire  wholly  submerged,  in  the  acid  [dilute  sulphuric]  so  as  to 
entirely  exclude  any  portion  of  it  coming  into  contact  with  the  air, 
has  remained  for  many  months  without  imparting  the  slightest  tinge 
to  the  liquid."  "  But  on  suffering  the  liquid  to  evaporate  so  as  to 
bring  the  upper  end  of  the  metal  near  to  its  surface,  the  instant 
the  slightest  portion  becomes  exposed  chemical  action  immediately 
begins." 

"Two  equal  portions  of  wire  were  similarly  placed  in  acid,  only  that 
one  was  fully  exposed  to  the  atmosphere  in  an  open  tube,  while  the 
other  was  placed  in  a  phial,  the  acid  occupying  half  its  height,  and 
was  kept  closely  corked  for  several  weeks — after  which  the  fully  ex- 
posed metal  had  lost  in  weight  two-fifths  more  than  the  one  which 
had  been  excluded  from  contact  with  fresh  portions  of  air,  showing 
that  contact  with  the  atmosphere  in  bulk  is  necessary  to  the  fullest 
action"*. 

Experiments  with  Liquids  of  unequal  strength. 

To  throw  some  light  upon  the  questions — 1st,  Is  the  quantity 
of  the  current  simply  a  result  of  the  diff'erence  of  number  of  mole- 
cules of  liquid  which  touch  the  hot  plate  compared  with  those 
which  touch  the  cold  plate  ?  and,  2nd,  What  amount  of  difference 
of  strength  of  a  liquid  is  equal  to  the  amount  of  difference  of  tempe- 
rature employed? — I  brought  the  two  copper  dishes  into  contact  with 
liquids  of  unequal  strength  instead  of  unequal  temperature. 

The  tube  C  (fig.  1 )  was  filled  with  the  stronger  mixture  and  closed 
at  its  end  in  the  dish  A  by  an  india-rubber  bung,  and  the  dish  B  filled 

*  "On  the  Theory  of  the  Voltaic  Pile,"  Bridgman,  Phil.  Mag.  Nov.  1809. 
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to  the  line  F  with  the  same  mixture  ;  the  dish  A  was  then  filled  with 
the  weaker  mixture  up  to  the  same  level  and  the  bung  slowly  with- 
drawn. The  two  copper  dishes,  previously  connected  with  the 
galvanometer,  were  next  simultaneously  immersed  in  the  mixtures 
and  the  effect  noted.  The  following  are  the  results  obtained  by  this 
method  : — 

Nitric  Acid. 

Experiment  1. — In  A,  1  volume  of  acid  diluted  to  80  volumes. 
In  B,  1  volume  diluted  to  40.  Copper  in  A  was  positive  tempo- 
rarily, vahie  •0270  ;  and  permanently,  value  "OlOS. 

Experiment  2. — In  A,  1  volume  of  acid  diluted  to  40  volumes. 
In  B,  1  volume  of  acid  diluted  to  20  volumes.  The  copper  plate  in 
A  was  first  positive  temporarily,  value  of  deflection  '0064  ;  and  then 
that  in  B  permanently,  value  "2850. 

Experiinent  3. — In  A,  1  volume  of  acid  diluted  to  40  volumes. 
In  B,  1  volume  diluted  to  10  volumes.  Copper  plate  in  B  was  po- 
sitive temporarily,  value  '4863;  and  permanently,  value  '0819. 

Hydrochloric  Acid. 

Experiment  1. — In  A,  1  volume  of  acid  diluted  to  40  volumes. 
In  B,  1  volume  diluted  to  20  volumes.  The  copper  in  B  was  positive 
temporarily,  value  *9608  ;  and  permanently,  value  '1087. 

Experiment  2. — In  A,  1  volume  of  acid  diluted  to  40  volumes. 
In  B,  1  volume  diluted  to  2666  volumes.  The  copper  in  B  was  po- 
sitive temporarily,  value  "3479  ;  and  permanently,  value  •0702. 

Chloric  Acid. 

In  A,  1  volume  of  acid  diluted  to  80  volumes.  In  B,  1  volume 
diluted  to  40  volumes.  The  copper  in  B  was  positive  temporarily, 
value  '0036  ;  and  permanently,  value  ^0009. 

Sulphuric  Acid. 

In  A,  1  volume  of  acid  diluted  to  80  volumes.  In  B,  1  volume 
diluted  to  40  volumes.  The  copper  in  B  was  positive  temporarily, 
value  ^040 7;  and  permanently,  value  '0330. 

On  examining  these  results,  it  will  be  perceived,  1st,  that  only 
in  one  half  the  number  of  the  experiments  did  increased  strength 
of  liquid  produce  electrical  currents  similar  in  direction  to  those  pro- 
duced by  increased  temperature  ;  and  therefore  the  heat  does  not 
act  simjjly  by  causing  a  greater  number  of  molecules  of  each  indi- 
vidual substance  to  touch  the  hot  j)late ;  and,  2nd,  that  only  in  one 
of  the  experiments  was  the  copper  in  the  weaker  liquid  both  tempo- 
rarily and  |)erinanently  positive  to  that  in  the  stronger  ;  whilst  in 
fire  of  the  experiments  the  copper  in  the  stronger  liquid  was  tem- 
porarily and  {)ernianently  positive  to  that  in  the  weaker.  Increase 
of  strength  of  the  liquid  therefore  made  the  copper  positive  in  five 
cases  out  of  six. 
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In  the  fourth  experimeut  with  hydrochloric  acid  with  difference 
of  temperature,  and  in  the  second  one  with  difference  of  strength,  the 
mixture  in  each  case  consisting  of  I  volume  of  acid  diluted  to  40  vo- 
lumes with  water,  an  increase  of  temperature  from  16°  to  about 
98°  C.  produced  a  deflection  of  the  value  •28.")4,  whilst  an  increase 
of  strength  to  1  volume  in  2(i-66  gave  a  deflection  in  the  same 
direction  of  the  value  "3479.  An  increase  of  temperature  of  about 
82°  C.  was  not  quite  equal  in  electrical  effect  to  an  increase  of  50 
per  cent,  in  the  number  of  molecules  of  the  acid  which  touched  the 
plates. 

In  the  third  experiment  with  chloric  acid  with  difference  of  tem- 
perature, and  in  the  single  one  made  with  difference  of  strength,  the 
mixture  in  each  instance  consisting  of  1  volume  of  the  acid  diluted 
to  80  volumes  with  water,  an  increase  of  temperature  of  about  82°  C. 
produced  an  electrical  effect  of  -0040  ;  whilst  an  increase  of  lUO  per 
cent,  in  the  number  of  molecules  of  the  acid  which  touched  the 
plates  produced  an  opposite  electrical  effect  of  "0036. 

In  the  third  experimeut  with  sulphuric  acid  with  difference  of 
temperature,  and  in  the  single  one  made  with  difference  of  strength, 
each  being  with  a  mixture  of  1  measure  of  acid  in  80  of  water,  an 
increase  of  temperature  of  about  82°  C.  caused  an  electrical  effect  of 
■0418,  and  an  increase  of  100  per  cent,  in  the  number  of  molecules 
of  acid  which  touched  the  plates  caused  an  opposite  electrical  effect 
of -0467. 

A  liquid  thermo-electric  buttery. 

Acting  upon  the  general  results  thus  obtained  in  this  subject,  I 
constructed  a  liquid  thermo-electric  battery  consisting  of  twelve 
glass  tubes,  f  of  an  inch  in  diameter  and  10  inches  long,  closed  at 
one  end  (and  containing  a  platinum  wire  hermetically  sealed  in  that 

Fig.  7.  Fi-.  8. 


end),  and  bent  to  the  form  shown  in  fig.  7,  each  tube  being  filled 
with  a  conducting  liquid,  and  its  outer  end  closed  by  a  cork,  in  which 
was  fixed  a  second  platinum  wire  to  dip  into  the  liquid. 

Fig.  8  represents  the  apparatus  ;  A  A  is  a  wooden  stand  supporting 
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a  tin  box,  B.  The  box  is  water-tight,  and  has  in  its  lower  surface  a 
long  semicircular  cavity  (shown  by  dotted  lines)  to  receive  the  upper 
ends  of  the  twelve  tubes.  To  the  back  of  the  box  is  fixed  a  short 
cylinder  of  tin,  C,  closed  at  its  outer  end.  When  the  apparatus  is  in 
action,  the  box  is  filled  with  hot  water,  and  the  water  kept  boiling 
by  means  of  a  lamp  placed  beneath  the  tube  C.  The  twelve  tubes 
were  kept  in  position  by  divisions  of  wood  fixed  to  the  back  of  the 
stand,  as  shown  in  the  figure. 

The  tubes  1,  .'3,  .0,  7,  9,  and  1 1  were  filled  with  a  previously  boiled 
and  cooled  mixture  of  \  of  an  ounce  of  sulphuric  acid,  and  19 
ounces  of  distilled  water;  and  the  others,  viz.  2,  4,  6,  8,  10,  and 
12,  with  a  similarly  prepared  solution  of  110  grains  of  hydrate  of 
j)otassium  dissolved  in  1 9  ounces  of  distilled  water. 

The  platinum  wires  were  connected,  in  the  order  shown  in  the 
sketch,  by  means  of  small  binding-screws  not  represented  in  the 
figure. 

On  connecting  the  terminals  with  a  galvanometer  containing  about 
180  turns  of  moderately  coarse  copper  wire,  and  applying  heat  to 
the  ujjper  electrodes  and  ends  of  tubes  by  means  of  the  boiling  water, 
no  deflection  of  the  needles  took  place  ;  but  on  substituting  a  Thom- 
son's reflecting  galvanometer,  which  offered  a  resistance  of  3040*7 
B.A.  units  (  =  77872'327  miles  of  copper  wire  y^^^  of  an  inch  thick), 
a  deflection  of  40  degrees  was  readily  obtained,  the  hot  platinum  wire 
in  the  dilute  acid  being  negative,  and  that  in  the  alkali  positive,  as 
shown  by  the  direction  of  the  arrows  in  the  sketch. 

From  these  results  it  is  evident  the  quantity  of  the  electric  current 
prod\iced  was  exceedingly  small,  and  its  intensity  considerable.  By 
employing  electrodes  of  larger  surface,  such  as  spirals  of  platinum 
wire  and  more  concentrated  liquids,  the  quantity  of  the  current 
would  be  very  largely  increased.     (See  Phil.  Mag.  1857,  vol.  xiii. 

Fig.  9  represents  a  simpler  arrangement  of  tliis  apparatus,  in  which 
only  one  kind  of  liquid,  either  acid  or  alkaline,  is  employed.     The 

Fig.  9. 


electrodes  in  this  arrang<  aicnt  niuot   be  disposed  in  tlie  order  repre- 
sented bv  the  li":ure. 
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Influence  of  Friction. 

To  ascertain  if  the  friction  of  one  of  the  electrodes  against  the 
liquid  had  similar  effects  to  those  produced  by  the  direct  application 
of  heat,  I  employed  the  apparatus  shown  in  fig.  10.  The  sketch 
does  not  require  explanation. 

Fig.  10. 


■ 

1 

Experiment  1 . — By  immersing  two  stout  copper  wires  vertically 
in  an  acidulated  solution  of  cupric  sulphate  and  rotating  one  of  them 
at  a  speed  of  about  5000  revolutions  per  minute,  the  rotating  wire 
became  electropositive. 

Experiment  2. — With  a  saturated  solution  of  bornx,  the  rotating 
wire  was  positive. 

Experirnent  3. — With  a  solution  of  cyanide  of  potassium,  the 
rotating  wire  was  negative. 

Experime7it  4. — With  stout  platinum  wires  in  an  acidulated  solu- 
tion of  cupric  sulphate,  the  rotating  wire  became  negative. 

Experiment  5. — With  platinum  wires  in  a  solution  composed  of 
200  grains  of  carbonate  of  potassium  in  40  ounces  of  distilled  water, 
the  rotating  wire  was  faintly  positive,  and  similarly  in  a  very  dilute 
solution. 

E.rperitnent  6. — With  two  platinum  disks  one  above  the  other 
in  a  strong  solution  of  carbonate  of  potassium,  revolving  the  upper 
disk  at  a  speed  of  about  5000  revolutions  per  minute  made  it  electro- 
positive. 

Experiment  7 . — With  an  acidulated  solution  of  cupric  sulphate, 
the  revolving  disk  became  feebly  negative. 

On  comparing  these  results  with  those  obtained  by  unequal  tempe- 
rature, we  find  that  the  directions  of  the  currents  in  the  two  classes 
of  cases  were  reverse  with  copper  in  solutions  of  acidulated  cupric 
sulphate  and  cyanide  of  potassium,  and  similar  in  a  solution  of  borax  ; 
and  with  ])latinum  in  solutions  of  acidulated  cupric  sulphate  or  car- 
bonate of  potassium  the  influence  of  friction  and  of  increased  tern- 
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pcrature  upon  the  direction  of  the  currents  were  the  same.  The 
molecular  movements,  therefore,  produced  hy  friction  are  not  in  all 
cases  similar  to  those  produced  by  heat. 

Influence  of  Magne-optic  rotating-power  of  the  Liquids. 

Being  desirous  of  determining  whether  the  thermo-electric  pro- 
perties of  liquids  were  dependent  on  tlie  molecular  structure  hy  virtue 
of  which  liquids  under  the  influence  of  magnetism  polarize  light  cir- 
cularly, I  made  the  following  apparatus  and  experiment : — 

A  and  B  (fig.  11)  are  two  straight  glass  tubes,  about  |  inch  in 
diameter  and  10  inches  long,  with  two  Fig.  11. 

similar  (but  bent)  tubes,  C  and  D,  at- 
tached to  their  free  ends  by  india-rubber 
tubing.  The  sloping  ends  of  the  straight 
tubes  are  ground  flat,  and  are  joined 
together  securely  at  their  edges  by  melted 
shellac,  with  a  thin  and  projecting  sheet 
of  platinum  between  them  to  separate 
the  liquids.  E  and  F  are  two  strong 
electro-helices  wound  upon  stout  tubes  of  soft  iron  which  enclose 
the  glass  tubes.  The  apparatus  is  secured  upon  a  board  in  an 
inclined  position  with  the  sloping  ends  of  the  tubes  uppermost ; 
and  the  two  helices  are  held  together  at  their  uj)per  ends  by  an 
india-rubber  band,  G.  I  filled  one  of  the  tubes  with  a  clear  and 
strong  solution  of  perchloride  of  iron  (of  negative  magne-optic  ro- 
tatory power,  see  Verdet,  Phil.  Mag.,  June  1858),  and  the  other 
with  a  similar  solution  of  chloride  of  nickel  (of  positive  magne-optic 
rotatory  power),  and  connected  the  liquids  in  the  bent  tubes  with  a 
galvanometer  16  feet  distant  by  means  of  the  })latinum  wires  H 
and  I.  I  now  excited  the  helices  in  various  ways  by  means  of  12 
strong  Grove's  cells  ;  no  current  was  induced  in  the  liquid.  I  next 
heated  the  junction  of  the  tubes  gradually  ;  the  solution  of  iron 
became  thermo-electro-positive,  and  a  steady  but  feeble  deflection  of 
the  needles  took  place  ;  and  during  the  continuance  of  this  current  I 
again  excited  the  helices  in  various  ways  as  before ;  again  no  elec- 
trical effects  were  produced.  The  results  of  this  experiment  strongly 
support  the  conclusion  that  the  thermo-electric  properties  of  liquids 
are  not  dependent  upon  the  magne-optic  polarizing  power  of  the 
liquids,  nor  upon  the  properties  of  their  mass. 

On  examining  the  thermo-electric  properties  of  the  solution  of 
ferric  chloride  with  platinum  plates  in  the  apparatus  described  in 
the  '  Philosophical  Magazine,'  1857,  vol.  xiii.  j).  1,  the  hot  plati- 
num was  strongly  negative,  value  of  temporary  deflection  '8-475. 
With  the  nickel  solution,  similarly  examined,  the  hot  jilate  was  also 
negative,  vahie  of  deflection  -0401).  These  results  agree  with  that 
obtained  with  the  two  tubes  in  the  last  experiment,  the  more  posi- 
tive condition  of  the  iron  solution  than  that  of  the  nickel  one  de- 
termining the  direction  of  the  current  in  that  experiment. 

General  Conclusion. — The  electric  currents  produced  by  the  direct 
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influence  of  unequal  temperature  or  friction  of  platinum  or  copper 
electrodes,  in  conducting  liquids  which  do  not  act  chemically  upon 
those  metals,  have  their  origin  in  temporary  changes  of  cohesion  of 
the  layers  of  metal  and  liquid  which  are  in  immediate  and  mutual 
contact,  and  may  be  considered  a  very  delicate  test  of  the  kind  and 
amount  of  temporary  molecular  movements  produced  by  those  causes. 


GEOLOGICAL  SOCIETY. 
[Continued  from  vol.  xlii.  p.  389.] 

June  7,  1871. — Joseph  Prestwich,  Esq.,  F.E.S.,  President, 
in  the  Chair. 
The  following  communications  were  read : — 

1.  "  On  the  persistence  of  CariiophylUa  cylindracea,  Reuss,  a 
Cretaceous  Coral,  in  the  Coral-fauna  of  the  Deep  Sea."  By  P. 
Martin  Duncan,  M.B.  Lond.,  F.R.S.,  F.G.S.,  Professor  of  Geology  in 
King's  CoUege,  London. 

The  author  first  referred  to  the  synonyms  and  geological  distribu- 
tion of  CaryopliylJia  cylhulracea,  Keuss,  which  has  hitherto  been 
regarded  as  peculiar  to  the  White  Chalk,  and  as  necessarily  an  ex- 
tinct form,  inasmuch  as  it  belonged  to  a  group  possessing  only  four 
cycles  of  septa  in  six  systems,  one  of  the  systems  being  generally 
incomplete.  The  distribution  of  the  Caryoj^thyJUce  of  this  group  in 
the  Gault  and  the  Upper  Chalk,  the  Miocene,  and  the  Pliocene  was 
noticed,  and  also  that  of  the  species  with  the  incomplete  cycle.  The 
falsity  of  this  generalization  was  shown  to  be  proved  by  the  results 
of  deep-sea  dredging  off  Havannah,  under  Count  Pourtales,  and 
off  the  Iberian  peninsula  under  Dr.  Carpenter  and  Mr.  Gwyn  Jef- 
freys. The  former  dredged  up  CaryophyJlia  formosa  with  four 
complete  cycles ;  and  the  latter  obtained,  from  depths  between  690 
and  1090  fathoms,  a  group  of  forms  with  four  complete  and  incom- 
plete cycles.  This  group  had  a  Cretaceous  facies  ;  one  of  the  forms 
could  not  be  differentiated  from  CaryopJiyUia  cylindracea,  Eeuss ; 
and  as  a  species  of  the  genus  Bathycyathus  was  found  at  the  same 
time,  this  facies  was  rendered  more  striking.  The  representation  oi 
the  extinct  genera  TrocJiosmiUa,  Parasmilia,  Synhelia,  and  DihJasus 
by  the  recent  Amphihelice,  Paracyatlil,  and  CaryophyUke  was 
noticed ;  and  it  was  considered  that,  as  the  Cretaceous  fonns  throve 
under  the  same  external  conditions,  some  of  them  only  being  per- 
sistent, there  must  be  some  law  which  determines  the  life-duration 
of  species  like  that  which  restricts  the  years  of  the  individual.  It 
was  shown  that  deep-sea  conditions  must  have  prevailed  within  the 
limits  of  the  diffusion  of  the  ova  of  coral  polyps  somewhere  on  the 
Atlantic  area  ever  since  the  Cretaceous  period. 

2.  "  Note  on  an  Ichthyosaurus  (I.  enthcJcioclon)  from  Kimmeridge 
Bay,  Dorset."     By  J.  W.  Hulke,  Esq.,  F.R.S.,  F.G.S. 

In  this  paper  the  author  described  the  skeleton  of  an  Ichthyo- 
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sattrus  from  Kinimoridgc  Bay,  agreeing  in  the  cliaracters  of  the 
teeth  with  the  form  for  which  he  formerly  proposed  the  estabUsh- 
ment  of  the  genus /i'/i^7tf/.-iO(/oH.  The  specimen  includes  the  skull, 
a  large  portion  of  the  vertebral  column,  numerous  ribs,  the  bones  of 
the  breast-girdle,  and  some  limb-bones.  The  first  forty-five  ver- 
tebral centra  have  a  double  costal  tubercle.  The  coracoids  have  an 
unusual  form,  being  more  elongated  in  the  axial  than  in  the  trans- 
verse direction,  and  this  elongation  is  chiefly  in  advance  of  the 
glenoid  cavity.  The  articular  end  of  the  scapula  is  vciy  broad. 
The  paddles  are  excessively  reduced  in  size,  the  anterior  being  larger 
than  the  posterior,  as  evidenced  by  the  comi^arative  size  of  the  prox- 
imal bones.  The  species,  which  the  author  proposed  to  name  I.  en- 
thehiodon,  most  nearly  resembles  the  Liassic  /.  longlrostris  and  /.  te- 
nuirostris.  The  length  of  the  preserved  portion  of  the  skeleton  is 
about  10  feet;  the  femur  measures  only  2  inches,  and  the  humerus 
2*7  inches. 

3.  "  Note  on  a  Fragment  of  a  Teleosaurian  Snout  from  Kim- 
meridge  Bay,  Dorset."     By  J.  W.  Hulko,  Esq.,  F.R.S.,  F.G.S. 

In  this  paper  the  author  described  a  fragment  of  the  snout  of  a 
Teleosaurian  obtained  by  J.  C.  Mansel,  Esq.,  F.G.S.,  from  Kimmeridge 
Bay,  and  which  is  believed  to  furnish  the  fii'st  indication  of  the 
occurrence  of  Telcosaurians  at  Kimmeridge.  The  specimen  con- 
sists of  about  17  inches  of  a  long  and  slender  snout,  tapering  slightly 
towards  the  apex,  where  the  praDmaxilla3  expand  suddenly  and 
widely.  The  nostril  is  terminal  and  directed  obliquely  forwards ; 
the  priemaxillae  ascend  2-5  in.  above  the  nostril,  and  terminate  in 
an  acute  point ;  and  each  pra^maxiUa  contains  five  alveoli.  The 
lateral  margins  of  the  snout  are  slightly  crenated  by  the  alveoli  of  the 
teeth,  of  which  the  three  front  ones  are  smaller  than  the  rest :  most 
of  the  teeth  have  fallen  out ;  but  a  few  are  broken  ofiT,  lea^•ing  the 
base  in  the  sockets. 
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IX.  Intelligence  and  Miscellaneous  Articles. 

AN  EXPLOSION  ON  THE  SUN.       BY  C.  A.  YOUNG. 

N  the  7th  of  September,  between  half-past  12  and  2  p.m.,  there 
occurred  an  outburst  of  solar  energy  remarkable  for  its  sudden- 
ness and  violence.  Just  at  noon  the  writer  had  been  examining  with 
the  telesi)cctroscope*  an  enormous  protuberance  of  hydrogen  cloud 
on  the  eastern  limb  of  the  sun. 

It  had  remained  with  very  little  change  since  the  preceding  noon 
— a  long,  low,  quiet-looking  cloud,  not  very  dense  or  brilliant,  nor 
in  any  way  remarkable  except  for  its  size.  It  was  made  up  mostly 
of  filaments  nearly  horizontal,  and  floated  above  the  chromosphere  t 

*  This  is  the  name  given  by  Schellcn  to  the  eonibinatiou  of  astrono- 
mical telescope  and  spectroscope. 

t  The  chromosphere  (called  also  sierra  by  Proctor  and  others)  is  the 
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with  its  lower  surface. at  a  height  of  some  15,000  miles,  but  was 
connected  to  it,  as  is  usually  the  case,  by  three  or  four  vertical  co- 
lumns brighter  and  more  active  than  the  rest.  Lockyer  compares 
such  masses  to  a  banyan  grove.  In  length  it  measured  3'  45",  and 
in  elevation  about  2'  to  its  upper  surface  ;  that  is,  since  at  the  sun's 
distance  1"  equals  450  miles  nearly,  it  was  about  100,000  miles 
long  by  54,000  high. 

At  12''  30",  when  I  was  called  away  for  a  few  minutes,  there  was 
no  indication  of  what  was  about  to  happen,  except  that  one  of  the 
connecting  stems  at  the  southern  extremity  of  the  cloud  had  grown 
considerably  brighter,  and  was  curiously  bent  to  one  side  ;  and  near 
the  base  of  another,  at  the  northern  end,  a  little  brilliant  lump  had 
developed  itself,  shaped  much  like  a  summer  thunder-head.  Fig.  1 
represents  the  prominence  at  this  time,  a  being  the  little  "  thunder- 
head"*. 

Fig.  1. 


What  was  my  surprise,  then,  on  returning  in  less  than  half  an 
hour  (at  12''  55"),  to  find  that  in  the  mean  time  the  whole  thing  had 
been  literally  blown  to  shreds  by  some  inconceivable  uprush  from 
beneath.  In  place  of  the  quiet  cloud  I  had  left,  the  air,  if  I  may 
use  the  expression,  was  filled  with  flying  de'bris — amass  of  detached 
vertical  fusiform  filaments,  each  from  10"  to  30"  long  by  2"  or  3" 
wide,  brighter  and  closer  together  where  the  pillars  had  formerly 
stood,  and  rapidly  ascending. 

When  I  first  looked,  some  of  them  had  already  reached  a  height 
of  nearly  4'  (100,000  miles);  and  while  I  watched  them  they  rose 
with  a  motion  almost  perceptible  to  the  eye,  until  in  ten  minutes 
(I''  05")  the  uppermost  were  more  than  200,000  miles  above  the 
solar  surface.  This  was  ascertained  by  careful  measurement;  the 
mean  of  three  closely  accordant  determinations  gave  7'  49"  as  the 
extreme  altitude  attained ;  and  I  am  particular  in  the  statement, 
because,  so  far  as  I  know,  chromospheric  matter  {red  hydrogen  in 
this  case)  has  never  before  been  observed  at  an  altitude  exceeding  5'. 


layer  of  hydrogen  and  other  gsses  which  surrounds  the  sun  to  a  depth  of 
about  7000  miles.     Of  this  the  jirominences  are  mere  extensions. 

*  The  sketches  do  not  pretend  to  accuracy  of  detail,  except  the  fourth ; 
the  three  rolls  in  that  are  nearly  exact. 
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thechromosphere.remained  Pio-  o 

to  mark  the  place. 

But  in  the  meanwhile 
the  little  "  thunder-head," 
before  alluded  to,  had 
grown  and  developed  won- 
derfully into  a  mass  of 
rolling  and  ever-changing 
flame,  to  speak  according 
to  appearances.  First  \t 
was  crowded  down,  as  it 
were,  along  the  solar  sur- 
face;  later  it  rose  almost 

pyramidally   50,000  miles 

in  height ;  then  its  summit 

was  drawn  out  into  long  fi- 
laments and  threads  which 

were  most  curiously  rolled 

backward  and  downward, 

like  the  volutes  of  an  Ionic 

capital ;  and  finally  it  faded 

away,  and  by  2"  SO""  had 

vanished    like    the    other. 

Figs.  3  and  4  show  it  in  its 


and 


The  whole  phenomenon  suggested  most  forcibly  the  idea  of  an 
explosion  nnder  the  great  i)rominence,  acting  mainly  upward,  l,ut 
also  in  all  directions  outward,  and  then  after  an  interval  followed  by 
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a  corresponding  in-rush  :  and  it  seems  far  from  impossible  that  the 
mysterious  coronal  streamers,  if  they  turn  out  to  be  truly  solar,  as 
now  seems  likely,  may  have  their  origin  and  find  their  explanation 
in  such  events. 

The  same  afternoon  a  portion  of  the  chromosphere  on  the  opj)o- 
site  (western)  limb  of  the  sun  was  for  several  hours  in  a  state  of 
unusual  brilliance  and  excitement,  and  showed  in  the  spectrum  more 
than  1 20  bright  lines,  whose  position  was  determined  and  catalogued, 
— all  that  I  had  ever  seen  before,  and  some  15  or  20  besides. 

Whether  the  fine  aurora  borealis  which  succeeded  in  the  evening 
was  really  the  earth's  response  to  this  magnificent  outburst  of  the 
sun  is  perhaps  uncertain  ;  but  the  coincidence  is  at  least  suggestive, 
and  may  easily  become  something  more  if,  as  I  somewhat  confidently 
expect  to  learn,  the  Greenwich  magnetic  record  indicates  a  disturb- 
ance precisely  simultaneous  with  the  solar  explosion. — Silliman's 
American  Journal,  Dec.  1871. 

Dartmouth  College,  U.S.,  September  1871. 


ON  THE  TRANSVERSE  VIBRATIONS  OF  WIRES  AND  THIN  PLATES. 
BY  M.  E.  GRIPON. 

Wires  and  thin  plates  of  metal,  fixed  to  the  branch  of  a  diapason 
and  having  one  extremity  free,  vibrate,  by  communication,  after  the 
manner  of  rods  and  in  unison  with  the  diapason.  The  same  as  in 
Melde's  experiments  on  stretched  wires,  on  these  little  rods  a  certain 
number  of  loops  are  distinguished  separated  by  nodes.  The  equa- 
tions of  the  motion  of  the  wire,  regarded  either  as  a  stiing  or  as  a 
rod,  can  be  found  by  analysis.  The  results  of  the  calculation  are 
completely  verified  by  experiment. 

The  number  of  the  nodes  varies  with  the  length  of  the  rod  ;  the 
distances  from  each  of  these  nodes  to  the  free  extremity  are  inde- 
pendent of  its  length.  The  relative  distances  of  the  nodes  are  exactly 
the  same  as  on  a  rod  fixed  at  one  extremity  and  free  at  the  other, 
with  one  exception — that  the  extremity  fixed  to  the  diapason  is  not 
always  a  node,  but  its  distance  from  the  nearest  node  varies  with  the 
length.  In  general  the  rod  does  not  vibrate,  or  vibrates  irregularly, 
when  the  node  ought,  theoretically,  to  be  formed  at  the  point  of 
attachment  of  the  rod  to  the  diapason. 

The  normal  distances  of  two  consecutive  nodes  are  inversely  pro- 
portional to  the  square  roots  of  the  numbers  of  vibrations  of  the  dia- 
pasons employed,  and  ccEteris  paribus  iproiportional  to  the  square  roots 
of  the  thicknesses  of  the  rods.  The  accord  of  theory  with  experi- 
ment is  so  far  complete  that  the  velocity  of  sound  in  the  rod  used 
can  be  determined  by  measuring  the  normal  distance  between  two 
consecutive  nodes,  the  thickness  of  the  rod,  and  ascertainin-^  the 
number  of  the  vibrations  of  the  diapason. 

This  very  simple  method  leads,  for  the  usual  metals,  to  the  num- 
bers already  found  by  Wertheim  and  Masson.  It  is  perfectly  appli- 
cable to  the  case  in  which  we  have  to  do  with  very  flexible  sub- 
stances, such  as  paper  ;  in  these  cases  the  usual  methods  are  defective. 
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By  such  experiments  we  can  ascertain  the  variations  which  humidity 
induces  in  the  chisticity  of  hygrometric  substances,  such  as  paper. 

The  laws  of  vibrating  strings  are  verified  on  very  fine  wires,  except 
when  the  tension  of  the  wire  is  not  more  than  a  few  grammes. 

In  all  these  experiments,  whether  on  strings  or  rods,  the  position 
of  the  nodes  is  not  rigorously  fixed  ;  the  nodes,  especially  those  near 
the  diapason,  shift  during  the  motion  ;  their  distance  from  the  dia- 
pason increases  in  proportion  as  the  amplitude  of  the  vibrations  grows 
less. 

Free  rods,  or  wires  but  slightly  stretched,  present  another  anomaly. 
When  the  vibrations  have  very  little  am])litude,  the  wires  take  the 
mode  of  division  indicated  by  theory,  and  the  i)oint  of  attachment  is 
not  a  node  :  but  if  the  diapason  is  made  to  vil)rate  more  and  more 
forcibly,  the  numl)er  of  the  nodes  decreases  ;  thus  instead  of  four 
nodes,  only  three,  two,  or  one  is  observed,  or  even  none  at  all.  The 
point  of  attachment  of  the  wire  to  the  diapason  is  then  the  place  of 
a  node,  and  the  wire  is  divided  by  the  nodes  into  equal  parts.  Free 
rods,  therefore,  exhibit,  according  to  the  stroke,  a  variable  number 
of  nodes,  the  arrangement  of  which  follows  the  ordinary  laws. 

The  wire,  in  all  caseSj  continues  to  vibrate  in  unison  with  the  dia- 
pason ;  or  at  least  no  sound  foreign  to  that  of  the  instrument  is 
heard.  Here  is  an  anomaly  which  the  theory  does  not  appear  to 
account  for  ;  perhaps  it  results  from  the  circumstance  that,  in  con- 
structing the  differential  equation  of  the  motion  of  the  wire,  the 
amplitudes  of  the  vibrations  were  supposed  infinitely  small. — 
Comptes  Rendus  de  V Acad,  des  Sciences,  1871,  Nov.  20,  pp.  1213- 
1215. 


ON  A  NEW  PHENOMENON  OF  PHOSPHORESCENCE  PRODUCED  BY 
FRICTIONAL  ELECTRICITY.       BY  M.  ALVERGNIAT. 

We  make  a  vacuum,  by  means  of  the  mercurial  air-pump,  in 
straight  tubes  of  glass  45  centims.  long;  we  then  introduce  a  small 
quantity  of  chloride  or  bromide  of  silicium,  and  continue  the  exhaus- 
tion till  the  pressure  is  reduced  to  12  or  15  millims.,  after  which  we 
close  the  tube  at  the  lamp. 

If  the  tube  thus  prepared  be  then  rubbed  between  the  fingers  or 
with  a  j)iece  of  silk,  a  bright  glimmer  within  the  tube  is  seen  to  fol- 
low the  movement  of  the  rubber  ;  it  is  rose-coloured  with  the  chloride, 
and  greenish  yellow  with  the  bromide  of  silicium.  It  recalls  that 
which  has  long  been  observed  in  the  barometer,  but  it  is  brighter. 

We  will  remark  that,  if  we  try  to  cause  the  spark  of  the  induction- 
coil  to  pass  in  these  tubes,  it  developes  no  lif^ht  there,  unless  the 
vacuum  be  more  perfect ;  but  then  the  phosphorescence  excited  by 
the  friction  disa])i)ears. 

We  owe  our  llianks  to  M.  Fricdel  for  the  preparation,  in  a  state 
of  purity,  of  the  substances  which  have  given  this  result. — Comptes 
Rendus  de  V Acad,  des  Sciences,  1871,  Nov.  20,  j).  1215. 
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Edlund*. 

§1- 

TWO  essentially  different  theories  have  gained  acceptance  in 
the  explanation  of  the  origin  of  the  galvanic  current. 
Volta  himself,  the  creator  of  the  galvanic  pile,  admitted  that  the 
contact  of  heterogeneous  bodies  was  sufficient  of  itself  to  produce 
a  development  of  electricity,  even  if  those  bodies  exercised  no 
chemical  action  on  one  another.  According  to  him,  chemical 
affinity  between  the  bodies  whose  reciprocal  contact  excited  the 
electric  current,  was  of  no  importance,  or  at  least  singularly  sub- 
ordinate, in  an  electromotive  point  of  view.  Volta  based  his 
opinion  chiefly  on  his  fundamental  experiments,  by  which  he 
believed  he  could  demonstrate  that  two  chemically  indifferent 
metals  produce  by  their  reciprocal  contact  a  decomposition  of  the 
electricity — the  one  becoming  electropositive,  and  the  other 
electronegative.  This  is  the  so-called  theory  of  contact,  which, 
without  any  important  modification,  has  hitherto  been  admitted 
as  correct  by  a  great  number  of  scientific  men. 

Nevertheless  weighty  objections  were  early  made  to  the  theory 
of  contact,  by  several  eminent  physicists,  who  endeavoured  to 
demonstrate  that  chemical  affinity  between  the  bodies  whose 
contact  called  forth  electrical  phenomena  was  of  preponderant 
importance  in  the   development  of  electricity.     Among  other 

*  Translated  from  a  separate  impression,  communicated  by  the  Author, 
from  the  Konyl.  Svenska  Veteiiskaps-Akademiens  Handlingar,  vol.  ix. 
No.  14. 
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objections  to  the  validity  of  Volta's  fundamental  experiments, 
the  defenders  of  the  electro-chemical  theory  contended  that  it 
was  impossible  to  be  certain  that  the  decomposition  of  the  elec- 
tricity at  the  time  of  the  contact  of  the  two  metals  really  proceeds 
from  that  contact — that,  on  the  contrary,  it  might  have  its  true 
cause  in  the  circumstance  that  the  surface  of  the  metal  is  covered 
with  a  layer  of  moisture  or  of  condensed  gas,  to  which  it  is  im- 
possible to  deny  a  chemical  affinity  with  the  metal  which  they 
cover,  and,  consequently,  that  contact  between  the  metal  and  the 
layer  of  gas  or  moisture  is  the  real  cause  of  the  development  of 
electricity.  In  order  to  refute  this  objection,  Volta^s  funda- 
mental experinients  were  repeated  in  various  gases  and  in  vacuo ; 
and  it  was  ascertained  that  electricity  is  quite  as  well  developed 
as  when  the  experiments  are  made  under  the  usual  conditions. 
This  attempt  at  refutation  called  forth  the  reply  that,  as  experi- 
ment has  demonstrated  in  other  cases,  condensed  gases  do  not 
entirely  disappear  in  vacuo — that  consequently  the  electromotive 
force  admitted  to  exist  between  the  metals  and  the  gases  or 
moisture  at  their  surface  may  exist  all  the  same  in  the  vacuum 
which  has  been  made.  It  cannot,  then,  be  maintained  that 
Volta's  fundamental  experiments,  as  performed  with  the  aid  of 
the  electroscope,  have  furnished  an  entirely  irrefutable  proof  of 
the  presence  of  an  electromotive  force  in  the  contact  between 
metals.  It  must,  then,  be  confessed  that  this  question  has  not 
yet  been  solved  in  the  way  followed  for  the  purpose  with  the 
aid  of  the  electroscope*. 

The  phenomena,  however,  discovered  by  Peltier,  of  galvanic 
cooling  and  heating,  have  furnished  a  perfectly  distinct  reply  to 
the  question  as  to  the  existence  of  an  electromotive  force  in  the 
contact  between  two  diflferent  metals.  Peltier  found  (as  is  known) 
that,  if  a  galvanic  current  passes  through  the  point  of  contact 
established  between  two  different  metals,  that  point  becomes 
heated  or  cooled,  according  to  the  direction  of  the  current. 

If  the  current  passes  in  a  certain  direction,  there  results  a  true 
production  of  heat;  if  in  the  opposite  direction,  the  result  is  an 
absorption  of  heat.  It  has  been  found  by  experiment  that  the 
variations  of  temperature  produced  at  the  point  of  contact  are 
proportional  to  the  intensity  of  the  current.  With  the  aid  of  the 
mechanical  theory  of  heat,  and  of  some  known  theses  derived 
from  the  theory  of  electricity,  I  have  proved,  in  a  previous  workt, 
that  Peltier's  phenomena  are  explained  with  the  greatest  facility 

*  Wiedemann,  Die  Lehre  voin  Galvanismus  und  Erdmagnetismus,  T.  2, 
§  849. 

f  OfvcrsKjt  of  Vet.  Akademiens  Forhandl.  for  \S69,  ji.  457.  Pogg. 
Ann.  vol.  cxxxvii.  p.  474.  Arch,  des  Sciences  Phy.'i.  et  Nat.  vol.  xxxvi. 
p.  214.     riiil.  Majr.  S.  4.  vol.  x.xxviii.  p.  2(i;j. 
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if  we  atliiiit  the  presence  of  an  electromotive  force  at  the  point 
of  contact  between  the  two  metals.  If  the  galvanic  current 
passes  in  the  same  direction  as  the  current  produced  by  tlie 
electromotive  force,  a  cooling  results  at  the  point  of  contact, 
which  is  changed  into  a  rise  of  temperature  in  the  opposite  case. 
The  theory  further  demonstrates  that  the  quantities  of  heat  pro- 
duced or  absorbed  are  pro])ortional  to  the  electromotive  forces, 
and  consequently  are  found  to  be  in  full  conformity  to  that 
which  experiment  requires"^.  In  the  present  state  of  science  it 
is  impossible  to  account  for  the  modifications  of  temperature 
noted  at  the  surface  of  contact  without  admitting  the  presence 
of  an  electromotive  force  at  that  surface.  Experiments  have  de- 
cisively proved  that  a  quantity  of  heat  actually  disappears  at  the 
surface  of  contact,  and  not  merely  that  a  less  production  of  heat 
takes  place  there  than  in  other  parts  of  the  circuit ;  Lenz^s  ex- 
periments have  given  evident  proof  of  this  fact.  Now  it  is  im- 
possible that  heat  should  disappear  without  producing  mecha- 
nical work  J  external  or  internal,  which  is  then  the  equivalent  of 
the  vanished  heat,  or  without  its  changing  into  another  form  of 
motion.  The  mechanical  work  which  ought  to  arise  as  the  equi- 
valent of  the  heat  which  has  disappeared  could  only  consist  of 
an  increase  of  disgregation  ;  but  there  is  no  sufficient  reason  for 
the  existence  of  such  a  modification ;  far  from  that,  we  possess 
valid  proofs  of  the  contrary,  namely  that  there  exists  no  disgre- 

*  M.  Clausius,  to  wliom  science  is  much  indebted  for  the  most  impor- 
tant discoveries  in  the  mechanical  theory  of  heat,  has  ah-eady,  before  rae, 
treated  Peltier's  ])heiiomeua  after  the  principles  of  the  above-mentioned 
theory  (Pogg.  Ann.  vol.  xc.  p.  513),  and  called  attention  to  this  circum- 
stance in  consequence  of  my  work  above  indicated  (Pogg.  Ann.  vol.  cxxxix. 
p.  280).  After  having  noted  that  M.  Helmholtz's  supposition,  that  all  the 
electrical  phenomena  which  take  ])lace  in  metallic  conductors  are  easily 
explained  if  we  attribute  to  the  ditferent  chemical  substances  a  ])Ovver  of 
attraction  different  for  the  two  electricities,  is  not  correct,  for  this  is  not 
sufficient  to  explain  the  whole  of  those  i)henomeua,  M.  Clausius  continues 
as  follows  : — *'  For  the  explanation  of  thermoelectric  currents,  and  of  the 
phenomena  discovered  by  Peltier,  viz.  the  heating  and  cooling  occasioned 
at  the  point  of  contact  of  two  substances  by  an  electric  current,  this  assump- 
tion does  not  suffice ;  for  that  purpose  another  assumption  is  necessary, 
namely  that  the  heat  itself  is  operative  in  the  production  and  preservation 
of  the  electrical  difference  at  the  point  of  contact,  in  that  the  molecular 
motion  which  we  call  heat  tends  to  exjjel  the  electricity  from  one  substance 
to  tlie  other,  and  can  only  be  prevented  from  doing  so  by  the  counteracting 
force  of  the  two  layers  of  electricity  thereby  formed,  when  these  have 
attained  a  certain  density."  Now,  if  we  admit  the  correctness  of  this  hy- 
jjotbesis,  Peltier's  phenomena  can,  as  M.  Clausius  has  shown,  at  once  be 
exjjlained  by  it;  if,  on  the  contrary,  the  validity  of  it  can  be  called  in  ques- 
tion, those  i)henomena  remain  still  unexplained.  In  order  to  show  the 
connexion  of  the  phenomena  with  the  electromotive  forces  at  the  surface 
of  contact,  I  have  thought  it  necessary  to  start  from  no  sort  of  hypothesis, 
but  solelv  and  exclusively  from  the  known  facts  and  circumstances. 
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gation  or  modification  of  the  position  of  the  molecules  at  the 
surface  of  contact.  The  intensity  of  the  thermoelectric  force 
in  tlie  contact  of  two  different  metals  depends,  to  a  high  degree, 
on  the  molecular  condition  of  the  metals.  If  that  condition 
undergo  a  modification  (as,  for  example,  by  tension,  com])ression, 
&c.),  the  result  is  also  a  modification  in  the  thermoelectric  force. 
Now  we  know  that,  if  one  of  the  points  of  the  soldering  of  a 
thermoelectric  ring  be  heated,  we  obtain,  for  a  determinate  dif- 
ference of  temperature  between  the  surfaces  of  union,  a  current 
of  given  amount,  which  remains  constant  as  long  as  the  respec- 
tive temperatures  of  those  surfaces  remain  unchanged.  If,  now, 
the  metals  underwent  a  molecular  modification  at  the  hotter 
point  of  contact  (where  the  heat  is  absorbed),  the  current  could 
not  preserve  a  constant  force,  in  consequence  of  that  molecular 
modification ;  but  as  this  is  the  case,  it  follows  that  no  sensible 
molecular  modification  can  take  place  there.  We  must  therefore, 
in  order  to  give  an  adequate  explanation  of  the  disapjiearance  of 
the  heat,  admit  that  it  is  changed  into  another  form  of  motion ; 
and  of  all  those  with  which  we  arc  acquainted,  electricity  is  the 
only  one  that  can  here  be  taken  into  consideration. 

The  proof  given  by  me,  in  the  work  mentioned,  of  the  pre- 
sence of  an  electromotive  force  in  the  contact  between  metals,  is 
not  founded  on  a  mere  hypothesis,  but  on  facts  demonstrated  by 
experiment ;  the  result  obtained  (namely,  the  presence  of  an 
electromotive  force  at  the  surface  of  contact,  as  the  only  possible 
explanation  of  Peltier's  phenomena)  must  therefore  be  correct. 
This  force  transforms  heat  into  electricity.  It  does  not  create  the 
electric  motion  out  of  nothing,  but,  I  repeat,  changes  heat  into 
electricity.  The  electric  motion  produced  is  the  mechanical 
equivalent  of  the  heat  which  has  vanished.  If  heat  did  not 
exist  at  the  surface  of  contact,  the  rise  of  an  electric  current 
would  be  impossible ;  for  (if  I  may  so  express  myself)  the  mate- 
rials for  the  production  of  electricity  would  be  wanting.  The 
force  of  contact  resembles  in  this  respect  the  inductive  force 
which,  when  a  closed  circuit  is  brought  near  a  galvanic  current, 
transforms  into  an  induced  galvanic  current  the  mechanical 
work  necessary  to  produce  the  nearness. 

It  has  been  maintained*  that  the  contact  of  chemically  indif- 
ferent bodies  could  only  produce  a  galvanic  current  of  momen- 
tary, not  of  long  duration.  "  It  may  be  admitted,"  it  has  been 
said,  "  that,  in  the  approach  of  two  metals,  the  |)aiticles  are  mu- 
tually attracted,  move  rapidly  against  each  other,  and  at  length 
los(!,  at  their  nnitual  contact,  their  acquired  velocity.  The  vis 
viva  thus  lost  might  be  changed  into  electrical  decomposition  of 

*  Wicilcinann,  Die  Lihre  vom  (julvanismiis  und  Erdmaynetismus.  part  ii. 
§  84'^;  cf.  Ilehiiholtz,  Erhalhnif/  dcr  Kraft. 
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such  a  nature  as  to  produce,  under  certain  circumstances,  a  gal- 
vanic current.  But  it  is  clear  that  such  a  current  could  only 
have  a  momentary  duration.  Immediately  after  contact  the 
particles  would  be  at  rest;  the  rise  of  a  galvanic  current  would 
be  impossible,  seeing  that  it  cannot  be  created  out  of  nothing. 
If,  on  the  contrary,  the  bodies  act  chemically  on  each  other,  the 
particles  enter,  after  the  contact,  into  chemical  combination,  new 
particles  are  attracted  and  lose  their  acquired  velocity,  and  thus 
there  exist  materials  for  the  formation  of  a  galvanic  current  as 
long  as  the  chemical  activity  continues.''  If  the  vis  viva  lost  by 
the  contact  of  the  particles  after  their  approach  were  the  only 
element  suited  to  produce  a  galvanic  current,  the  proof  above  ex- 
hibited would  be  perfectly  valid,  and  it  would  be  absolutely  im- 
possible that  contact  between  bodies  chemically  indifferent  should 
bring  about  a  galvanic  current  of  a  certain  duration.  But  the 
elements  necessary  for  the  formation  of  the  galvanic  current  are 
not  composed  of  the  vis  viva  lost  in  the  collision  of  the  particles. 
The  explanation  of  Peltier's  experiments  demonstrates  that  it  is 
the  heat  which  is  transformed  into  electricity.  The  opinion 
above  quoted,  therefore,  proves  nothing  with  respect  to  the  pre- 
sence of  an  electromotive  force  in  the  surface  of  contact  between 
chemically  indifferent  bodies. 

It  is  proved  that,  for  one  and  the  same  force  of  the  current, 
the  quantities  of  heat  lost,  as  well  as  those  produced,  in  Peltier's 
experiments,  are  proportional  to  the  electromotive  forces  at  the 
surfaces  of  contact.  By  the  appreciation  of  these  quantities, 
then,  we  gain  a  relative  measure  of  the  electromotive  forces  in 
question.  I  give  below  the  account  of  the  experiments  under- 
taken by  me  for  the  purpose  of  measuring  the  electromotive 
forces  springing  from  the  contact  of  metals.  The  researches  I 
have  already  published  on  this  subject*  must  only  be  regarded 
as  preliminary.  Not  only  was  the  method  employed  not  suffi- 
ciently delicate  for  the  measurement  of  the  smallest  of  the  forces, 
but  certain  arrangements  did  not  permit  the  obtaining  of  results 
with  perfect  certainty  and  rigour.  I  have  done  my  best  to  get 
rid  of  these  imperfections  in  the  researches  which  are  described 
below  t- 

*  Ofversigt  af  Vet.  Akademiens  Vdrhandl.  for  1870,  p.  3.  Pogc  Ann. 
vol.  cxl.  p.  435.     Phil.  Mag.  S.  4.  vol.  xli.  p.  18. 

t  On  this  subject  we  are  indebted  to  M.  le  Roux  for  some  very  merito- 
rious researches,  pubUshcd  in  Annales  de  Chimie  et  de  Physique,  vol.  x. ; 
but  his  method  is,  from  beginning  to  end,  totally  different  fro'n  tliat  em- 
ployed by  me.  To  measure  Peltier's  quantities  of  heat,  M.  le  Kotix  used 
two  calorimeters,  each  containing  an  equal  volume  of  water,  and  placed 
side  by  side.  To  ascertain  the  quantities  of  heat  lost  or  gained  in  the  con- 
tact of  two  metals — for  example,  copper  and  bismuth — one  surface  of 
contact  was  placed  in  each  calorimeter,  and  the  current  was  conducted  so 
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§2. 

When  a  galvanic  current  passes  through  a  wire  composed  of 
two  different  metals,  there  result  two  sources  of  heat,  one  inde- 
]iendciit  of  the  other :  in  the  first  place,  in  consequence  of  the 
galvanic  resistance,  a  quantity  of  heat  proportional  to  that  resist- 
ance and  to  the  square  of  the  intensity  of  the  current  is  developed 
in  the  wire ;  in  the  second  place,  there  ensues  at  the  point  of 
contact  a  production  or  absorjjtion  of  heat  proportional  both  to 
the  electromotive  force  of  that  point  and  to  the  intensity  of  the 
current.  The  first  source  of  heat  is  in  general,  but  above  all 
with  metallic  wires  which  present  great  resistance,  infinitely 
greater  than  the  second,  and,  besides,  increases  more  rapidly 
with  the  intensity  of  the  current.  If,  then,  in  an  experiment  the 
intensity  varies  a  little,  it  is  not  impossible  that  the  variations  in 
the  quantity  of  heat  produced  by  the  resistance  may  be  greater 
than  the  total  quantity  of  heat  to  be  measured,  and  consequently 
the  result  become  doubtful.  For  the  accuracy  of  the  measure- 
ments, therefore,  it  is  evidently  of  great  importance  to  give  to 
the  apparatus  such  a  construction  that  its  indications  shall  be 
perfectly  independent  of  the  first  source  of  heat.  Whatever  the 
principle  on  which  the  apparatus  is  constructed,  and  however 
in  other  respects  it  be  arranged,  it  is  further  necessary  that  those 
indications  depend  as  little  as  possible  on  foreign  influences  of 
temperature  (as,  for  example,  variations  in  the  temperature  of 
the  place  in  which  the  experiments  are  made,  &c.) — a  condition 
difficult  to  fulfil,  seeing  that  the  sensitiveness  of  the  apparatus 
ought  to  be  so  great  that  it  will  indicate  the  slightest  variations 
of  temperature.  It  is  therefore  necessary  to  regulate  the  expe- 
riments in  such  a  manner  that  those  influences  of  foreign  tem- 
perature can  be  eliminated,  if  we  cannot  render  ourselves  per- 
fectly independent  of  them.     The  question  is,  to  measure  the 

as  to  pass  from  the  copper  to  the  bismuth  in  one  of  the  calorimeters,  and 
vice  versa  iu  the  other.  Tlie  water  of  one  of  the  calorimeters,  therefore, 
became  hotter  than  the  water  of  the  other ;  and  the  difference  between 
their  tenn)eratines,  measured  by  means  of  an  ordinary  thermometer,  ga\e 
the  measure  of  tiie  quantities  of  heat  sought.  Tliis  method  has  the  advan- 
tage of  giving,  in  ordinary  units  of  heat,  the  measure  of  the  quantities  in 
question.  On  the  otiier  hand,  it  is  not  so  delicate,  by  far,  as  that  employed 
by  me.  M.  le  Roux  obtained,  for  the  bismuth-copper  comhimition,  a  dif- 
ference of  temperature  of  \'7  degree.  With  a  eomhiualion  for  which  the 
aijsorption  or  production  of  heat  is  a  fiftieth  or  a  hundredth  jiart  of  the 
above,  the  total  difference  of  temperature  to  be  measured  l)y  tlie  mercurial 
thermometer  wouhl  only  amount  to  some  hundredths  of  a  degree  ;  the 
measurement  of  such  .i  difference  by  means  of  thermometers  of  which  the 
divisions  are  tenths  of  a  degree  cannot  be  ])articularly  exact.  Doubtless, 
also,  tliis  is  in  part  the  cause  of  the  diticicuces  between  M.  le  Roux's  re- 
sults and  mine. 
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quantities  of  heat  produced  or  lost  at  the  surfaces  of  contact, 
and  not  merely  the  variations  of  temperature  which  have  been 
produced  there.  In  order  to  find  the  former  by  the  help  of  the 
latter,  it  is  necessary  to  know,  under  the  control  of  ordinary 
circumstances,  the  calorific  capacity  of  the  body  in  which  the 
change  of  temperature  is  effected.  But  always  to  endeavour  to 
n)easure  the  capacity  for  heat  of  the  metals  submitted  to  experi- 
ment would  take  too  long,  and  would  with  difficulty  lead  to  per- 
fectly sure  results.  The  experiments  will  therefore  be  regulated 
so  that  the  calorific  capacity  shall  not  exercise  any  sensible  in- 
fluence on  the  exactness  of  the  results.  In  order  to  fulfil  these 
conditions  as  far  as  possible,  I  contrived  a  kind  of  air-thermo- 
meter, of  the  following  peculiar  construction  : — 

Fig.  1. 


,„  „ „       _     . ,  iiiiiiiiii!iiiiiiiiiiiiiii!i^iiiiii!iiia;!;i;ii!i!iialiiiii!liillliiite  . 


Fig.  1  represents  the  apparatus  viewed  from  above;  and 
fig.  2  is  a  side  view,  a  and  b  are  two  perfectly  equal  cylinders 
of  thin  sheet  copper,  125  millims.  long,  and  80  in  diameter, 
with  their  outer  surface  silvered.  To  the  centre  of  their  circular 
ends  the  brass  tubes  c,  c'  are  soldered.  Through  these  tubes, 
which  are  placed  opposite  to  one  another  and  make  a  right  angle 
with  the  ends  of  the  cylinder,  are  introduced  the  wires  intended 
for  the  experiments,  in  such  a  manner  that  the  surface  of  soldering 
between  the  tw'o  wires  is  nearly  in  the  middle  of  tlae  cylinder. 
The  cylinders  are  supported  by  a  mahogany  board  dd,  which. 
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for  this  purpose,  is  hollowed  out  at  its  two  extremities  into  the 
form  of  a  fork,  between  the  branches  of  whieh  the  cylinders  are 
placed,  and  on  which  the  tubes  c,  c,  (/,  c'  rest  and  can  be  fixed. 
The  board  dd  is  moveable  on  the  horizontal  axis  e,  fixed  to  its 
centre,  so  as  to  make  different  angles  with  the  horizontal  plane. 
The  inclination  of  the  board  to  the  horizontal  is  read  on  the 
gi-aduated  plate/,  by  means  of  which  the  board  can  also  be  fixed 
in  the  position  desired.  In  one  of  the  ends  of  each  cylinder,  at 
A,  a  brass  tube  is  fixed.  These  tubes,  which  form  a  right  angle 
with  the  ends,  arc  themselves  bent  at  a  right  angle,  so  as  to  run 
parallel  with  the  surface  of  the  ends,  and  then  rise  in  the  man- 
ner indicated  in  fig.  2.  The  brass  tubes  are  put  in  communica- 
tion with  each  other  through  the  glass  tube  k,  the  extremities  of 
whieh  are  curved  upwards  in  order  to  adapt  them  to  the  extre- 
mities of  the  brass  tubes.  The  glass  tube  is  joined  to  the  brass 
ones  by  caoutchouc  tubes,  which  are  tightly  bound  in  order  to 
render  the  joint  impermeable  to  the  air.  Into  the  part  of  the 
brass  tubes  parallel  with  the  ends  of  the  cylinders  the  brass  cocks 
m,  m  are  fitted,  their  plugs  being  pierced  in  the  form  of  a  T. 
Each  tube  has  a  lateral  aperture  at  right  angles  with  the  longi- 
tudinal axis  of  the  tube  and  opposite  to  an  aperture  of  the  cock 
when  one  of  the  others  opens  the  communication  with  the  cylin- 
der or  with  the  glass  tube.  It  clearly  follows  from  this,  that, 
by  giving  the  cock  a  suitable  position,  one  can  either  put  the 
glass  tube  in  communication  with  the  copper  cylinder  and  close 
them  both  to  the  external  air,  close  the  cylinder  and  put  the 
glass  tube  in  communication  with  the  air,  close  the  tube  and 
open  the  cylinder,  or  at  the  same  time  put  in  reciprocal  commu- 
nication the  tube,  the  cylinder,  and  the  air.  The  glass  tube, 
having  an  internal  diameter  of  2*5  millims.,  rests  on  a  brass 
scale  which  is  fixed  to  the  mahogany  board  and  divided  into 
millimetres. 

For  the  purpose  of  protecting  the  copper  cylinders  against 
the  variations  of  the  temperature  of  the  laboratory,  they  were 
each  entirely  covered  with  a  jacket  {(j,(j)  of  sheet  zinc.  These 
jackets  had  double  walls,  and  would  each  contain  5*8  kilo- 
grammes of  water.  Their  internal  diameter  was  140  millims. ; 
so  that,  the  copper  cylinder  measuring  SO,  the  annular  space 
filled  with  air  whieh  separated  them  had  a  thickness  of  30  mil- 
lims. In  order  tliat  the  jackets  might  be  easily  taken  off  and 
replaced,  they  could  be  separated  into  four  pieces  accurately 
fitting  one  another.  In  fig.  1  the  u])i)cr  halves  as  well  as  the 
ends  of  the  jackets,  and  in  fig.  2  the  ends  alone,  are  removed. 
The  two  jackets  were  exactly  equal  in  dimensions  and  alike  in 
shape  ;  and  their  outer  surfaces,  as  well  as  those  toward  the 
copper  cylinders,  had  been  polished,  and  then  varnished  to  pre- 
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vent  them  from  oxidizing  so  readily.  They  had  also  apertures 
for  the  passage  of  the  before-mentioned  brass  tubes,  of  the  brass 
collars  which  served  for  turning  the  cocks,  and  of  the  wires  to  be 
experimented  on  and  for  that  purpose  introduced  into  the  copper 
cylinders. 

In  the  brass  tubes,  c  c  and  c'  c',  through  which  the  wires  passed 
intended  for  the  experiments,  small  disks  of  wood  pierced  with 
one  hole  were  placed,  and  introduced  far  enough  to  be  near  the 
ends  of  the  copper  cylinders.  The  aperture  in  these  disks  was 
quite  large  enough  for  the  passage  of  the  thickest  wires.  They 
were  for  the  purpose  of  cutting  off  the  wires  from  conductive 
contact  with  the  copper  cylinders,  and  also  to  form  a  sort  of  bot- 
tom in  the  tubes.  To  make  an  hermetical  closure  around  the 
wires  the  following  process  was  adopted : — I  first  introduced, 
round  the  wire,  a  small  flock  of  cotton,  which  was  strongly 
pressed  against  the  wooden  disk  ;  then  1  tilled  the  tube  with  a 
melted  mixture  of  wax  and  rosin.  The  cotton  prevented  the 
fused  mixture  from  running  into  the  cylinder.  Of  all  the  means 
I  tried  for  hermetically  sealing  these  tubes,  this  proved  to  be 
the  best ;  in  no  one  instance  has  the  purpose  not  been  attained. 
Before  the  union  of  the  glass  tube  with  the  two  brass  tubes,  I 
introduced  therein,  as  index,  an  alcoholic  mixture  forming  a 
column  of  a  few  centims.  length.  This  index  could  be  placed 
in  a  suitable  position  in  the  glass  tube  by  turning  the  cocks  so 
as  to  put  the  two  extremities  of  the  tube.in  communication  wdth 
the  external  air  and  properly  turning  the  apparatus  about  the 
pivots  e.  Before  the  commencement  of  each  series  of  observa- 
tions, I  always  ascertained  that  the  tubes  cc'  and  the  caoutchouc 
tubes  were  hermetically  closed  by  the  mixture  of  wax  and  rosin  : 
the  examination  took  place  in  the  following  manner : — Before 
putting  the  glass  tube  in  the  place  it  was  to  occupy,  one  of  the 
brass  tubes  was,  by  means  of  a  caoutchouc  tube,  connected  with 
a  manometer  consisting  of  a  bent  glass  tube  placed  vertically 
and  partly  filled  with  water.  I  increased  or  diminished  by  some 
centimetres  the  height  of  the  column  of  water  in  the  open  leg  of 
the  tube,  so  that  the  pressure  of  the  air  in  the  copper  cylinder 
was  slightly  greater  or  less  than  that  of  the  outer  air.  If  the 
column  of  water  remained  the  same  during  a  sufficiently  long 
time,  it  was  a  proof  that  the  cylinder  was  hermetically  closed. 
To  ascertain  the  hermeticity  of  the  caoutchouc  tubes  between 
the  glass  tubes  and  the  two  brass  ones,  I  proceeded  as  follows  : — 
One  of  the  extremities  of  the  glass  tube  was  closed  by  means  of 
one  of  the  cocks,  while  the  other  extremity  was  put  in  commu- 
nication with  the  external  air  by  means  of  the  other  cock.  If, 
on  inclining  the  glass  tube,  the  index  remained  motionless  for  a 
certain  time,  it  was  a  proof  of  the  hermeticity  of  the   binding 
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caoutchouc  tube.  I  afterwards  ascertained,  by  the  same  proce- 
dure, the  hernicticity  of  the  joints  at  the  other  extremity  of  the 
ghiss  tube. 

Let  us  sup])()se  now  that  a  wire  of  two  metals,  A  and  B,  sol- 
dered togf'tiier,  has  been  introduced  into  one  of  the  cylinders, 
and  an  identical  wire  of  the  same  metals  and  of  the  same  thick- 
ness into  the  other,  that  the  glass  tube  is  fixed  hermetically  in 
its  position,  and  that  the  tubes  c  d  are  likewise  hermetically 
closed.  If  now  one  and  the  same  galvanic  current  passes  through 
the  wires  of  both  cylinders  (from  metal  A  to  metal  13,  for  ex- 
amj)le),  an  equal  quantity  of  heat  is  developed  in  tiie  cylinders. 
For  this  reason  the  index  in  the  glass  tube  remains  at  rest.  It 
is  evident  that  the  same  ought  to  be  the  case  when  the  force  of 
the  current  varies,  and  consequently  that  the  development  of 
heat  occasioned  by  the  resistance  of  the  wires  has  no  induence 
on  the  movement  of  the  index.  If,  on  the  other  hand,  the 
wires  are  united  to  one  another  in  such  a  manner  that  in  one  of 
the  cylinders  the  current  passes  from  A  to  B,  and  in  the  other 
from  B  to  A,  heat  will  be  developed  at  one  of  the  points  of  con- 
tact, and  a  cooling  will  take  place  at  the  other.  The  develop- 
ment of  heat  in  the  two  cylinders  will  no  longer  be  equal,  and 
the  index  will  move  toward  the  cylinder  presenting  the  less  de- 
velopment of  heat.  This  displacement  will  continue  until  the 
heating  of  each  cylinder  is  equal  to  the  cooling  occasioned  by 
radiation  and  by  contact  with  the  surrounding  air.  After  three 
quarters  of  an  hour  no  displacement  of  the  index  could  be  per- 
ceived ;  with  the  less  delicate  apparatus  which  I  used  in  my  first 
researches,  this  took  place  in  a  nuich  shorter  time.  Once  the 
index  is  at  rest,  the  quantity  of  heat  lost  by  the  air  of  the  cylinder 
by  radiation  and  the  contact  of  the  external  air  is  consequently 
equal  to  the  quantity  received  from  the  wires  by  the  air  in  the 
cylinder.  The  diiference  between  the  loss  of  heat  in  one  cylinder 
and  in  the  other  is  therefore  found  to  be  equal  to  the  difference 
between  the  amounts  of  heat  produced  in  the  two  wires ;  and,  as 
will  be  demonstrated  below,  the  former  difference  can  be  calcu- 
lated from  the  amount  of  displacement  of  the  index. 

If  any  alteration  take  place  in  the  temperature  of  the  labora- 
tory, it  can  have  no  effect  on  the  motion  of  the  index.  The  two 
coj)per  cylinders  are  perfectly  identical.  Surrounded  with  jackets 
of  jjolished  zinc,  which  are  both  of  the  same  size  and  shape  and 
contain  an  equal  quantity  of  water,  they  arc  placed  at  but  a 
small  distance  one  from  the  other.  An  alteration  in  the  tempe- 
rature of  the  laboratory  acts  but  slowly  on  the  copper  cylinders ; 
for  it  has  first  to  traverse  the  considerable  mass  of  water  (5*8 
kih)grammes)  which  each  jacket  contains.  It  was  nevertheless 
shown,  in  the  experiments,  that  the  index  had  a  motion  proper 
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to  itself,  independent  of  the  temperature  at  the  points  of  solder- 
ing of  the  wires.  It  shifted  slowly,  and  pretty  regularly,  from 
one  cylinder  toward  the  other;  and  this  movement  did  not  di- 
minish or  cease  until  the  current  had  been  in  continual  circu- 
lation during  five  or  six  hours.  If  a  w^eaker  current  was  made  to 
follow  an  intense  current  which  had  circulated  some  hours  in  the 
wires,  the  displacement  of  the  index  was  effected  in  the  opposite 
direction.  It  was  only  after  several  experiments  that  I  succeeded 
in  discovering  the  cause  of  this  strange  phenomenon.  In  con- 
sequence of  the  action  of  the  water  on  the  zinc,  one  of  the  cylin- 
ders of  this  metal  had  become  covered  on  the  inside  with  a  very 
thick  and  dense  coating  of  hydrated  oxide  of  zinc.  Now  this 
covering,  being  a  very  bad  conductor  of  heat,  prevented  it  from 
passing  from  the  annular  space  round  the  cylinder  of  copper  to 
the  mass  of  water;  consequently  the  temperature  about  the  cop- 
per cylinder  rose,  and  occasioned  a  continual  increase  of  heat  in 
the  cylinder  itself.  The  zinc  jackets  having  been  opened  and 
cleaned,  the  inconvenience  mentioned  was,  to  a  very  great  extent, 
removed.  This  shows  how  necessary  it  is  that  the  jackets  be  in 
every  respect  perfectly  equal  the  one  to  the  other.  The  best 
procedure  is,  to  coat  their  interior  with  a  metal  that  will  I'emain 
unaltered.  As  to  the  outer  surfaces,  it  is  easy  to  see  to  their 
remaining  always  alike. 

It  was  easy,  however,  to  eliminate  this  displacement  of  the 
index.  I  observed  that  during  several  hours  it  moved  in  one 
direction  continually  and  with  a  tolez'ably  uniform  velocity.  The 
experiments,  besides,  demonstrated  that  the  displacement  pro- 
duced by  the  difference  of  temperature  of  the  points  of  contact 
ceased  in  the  space  of  about  three  quarters  of  an  hour.  Profiting 
by  the  above-mentioned  circumstances,  I  always  proceeded  in 
the  following  manner  in  my  experiments  : — After  the  current 
had  been  in  circulation  for  three  quarters  of  an  hour,  I  read  on 
the  scale  the  position  of  the  index.  This  done,  I  reversed  the 
current,  and  the  index  began  to  move  in  the  opposite  direction  ; 
at  the  end  of  another  three  quarters  of  an  hour  the  position  of 
the  index  was  again  read.  The  result  of  these  two  readings  was 
a  deviation  a.  I  then  restored  to  the  current  its  first  direction, 
and  three  quarters  of  an  hour  afterward  I  took  a  fresh  reading ; 
from  this  reading  and  the  immediately  preceding  one  I  obtained 
deviation  b.  I  next  reversed  the  current  once  more  ;  and  from 
the  last  reading,  treated  in  the  same  manner  as  the  others,  I  ob- 
tained deviation  c,  in  which  the  index  was  displaced  in  the  same 
direction  as  in  the  first.  Now,  if  n^e  take  the  mean  of  a  and  c, 
and  then  the  mean  of  this  mean  and  b,  we  obtain  the  deviation 
sought.  It  is  evident  that  this  process  furnishes  a  result  entirely 
independent  of  the  proper  motion  of  the  index,  since  this  motiim 
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is  constant  during  the  time  of  the  observation^  or  its  modificjition 
is  proportional  to  the  time.  As  a  rule,  several  sueh  determina- 
tions were  made,  in  order  to  obtain  a  result  so  nmeh  more  eer- 
tain.  But  this  made  it  very  slow  work,  and  involved  a  great  loss 
of  time. 

The  sensitiveness  of  the  apparatus  it  is  very  easy  to  determine. 
It  follows,  from  the  dimensions  above  given  of  the  cop])er  cylin- 
ders, the  diameter  of  the  glass  tube  being  2'5  millims.,  that  the 
volume  of  a  millimetre  length  of  the  latter  is  to  that  of  each 
copper  cylinder  as  1  to  12800.  Supposing  we  had  only  one 
cylinder,  and  that  the  indicating  tube  fixed  to  it  opened  into  the 
free  air,  it  would  be  necessary,  for  a  variation  =/  in  the  tempe- 
rature of  the  enclosed  air,  that  the  displacement  of  the  index 
should  be  such  that 

my  =  0-00366  ^V, 
in  which  V  represents  the  volume  of  the  cylinder,  v  that  of  a 
millimetre  length  of  the  tube,  and  m  the  number  of  divisions  of 
the  scale  giving  the  displacement  of  the  index. 

V  1 

Putting   =^  =^=--—T7-f^,viQohidi\nm^  =  Q'QQ^Q>(\t.  Of  course 

this  vahie  is  correct  only  as  long  as  the  pressure  of  the  air  re- 
mains constant.  If  now  the  copper  cylinder  be  connected  with 
another  cylinder  of  the  same  volume,  as  was  the  case  in  the  ex- 
periments, we  shall  have,  H  designating  the  pressure  before,  and 
h  the  pressure  after  the  variation  t, 

V(l  +0-003660  ^j-\  =  mv  =  m^\. 

The  copper  cylinders  being  of  equal  dimensions,  and  the  tempe- 
rature of  one  diminishing,  on  the  reversal  of  the  current,  by  a 
quantity  equal  to  the  augmentation  of  temperature  in  the  other, 
we  obtain  further  /j  -0-00366/) 

Substituting  this  value  in  the  preceding  equation,  we  obtain 
000366 /  =  ?///3. 

The  deviation  obtained  with  the  combined  cylinders  will  there- 
fore be  of  the  same  amount  as  if  only  one  cylinder  were  em- 
ployed and  the  indicating  tube  were  open  to  the  external  air, 
supposing  the  ])ressurc  of  the  latter  constant.  Making  jn=\, 
we  obtain  /  =  0°-002131'  Cels.  A  deviation  of  one  division  of 
the  scale  requires,  therefore,  a  variation  (in  round  numbers)  of 
0*002  degree  in  the  temi)erature  of  the  cylinder.  Now  it  is 
evident  that,  if  this  deviation  is  to  be  obtained  for  the  above- 
mentioned  increase  of  temperature,  the  index  must  not  be  ob- 
structed  in  its   movement   by   friction,   adhesion,  &c.     It   was 
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therefore  necessary  to  ascertain  that  the  index  was  sufficiently 
free  in  this  respect.  Supposing  it  to  move  with  perfect  freedom , 
a  difference  of  pressure  of  ^ o so o u  ^^  ^"  atmosphere  would,  ac- 
cording to  what  precedes,  be  sufficient  to  remove  it  one  division 
of  the  scale.  This  quantity  corresponds  to  a  difference  of  pres- 
sure of  0"4  milligramme  on  the  two  extremities  of  the  index.  I 
satisfied  myself  in  tlie  following  manner  that  an  index  composed 
of  a  mixture  of  alcohol  and  water  really  moves  under  this  differ- 
ence of  pressure  : — I  used  for  the  experiment  an  index  of  2  cen- 
tims.  length.  Its  weight,  taking  0'9  for  the  specific  gravity  of 
the  mixture,  was  88  milligrammes.  Now,  for  the  angle  (<r) 
which  the  tube  must  make  with  the  horizontal  in  order  that  in 
virtue  of  its  own  weight  the  index  may  receive  in  one  of  the 
directions  a  pressure  of  the  amount  above  indicated,  we  evidently 
obtain  88  sina'  =  0"4,  whence  a:=15'o.  It  was  shown,  at  the 
time  of  the  experiments,  that  the  index  commenced  moving  at 
an  angle  of  inclination  which  was  only  a  small  fraction  of  the 
calculated  angle.  It  may  therefore  be  admitted  that,  with  an 
index  of  this  nature,  the  apparatus  evidently  indicated  at  least 
the  half  of  a  thousandth  of  a  degree — a  sensitiveness  which,  as 
special  experiments  demonstrated,  was  not  diminished  with  an 
index  of  several  centimetres  length.  On  the  other  hand,  an 
angle  of  inclination  of  several  degrees  was  required  for  the  com- 
mencement of  motion  of  a  sulphuric  acid  index  of  the  same 
length ;  so  the  employment  of  this  liquid  could  not  be  thought 
of.  All  the  following  experiments  were  made  with  an  index  of 
the  alcoholic  mixture  above  mentioned. 

§^-  . 

As  we  know,  the  cooling  of  a  body  in  the  air  is  not  propor- 
tional to  the  excess  of  its  temperature,  but  increases  more  rapidly 
than  the  latter.  It  is  only  when  the  excess  is  a  minimum  that 
the  cooling  can  be  regarded  as  proportional  to  it.  In  the  fol- 
lowing experiments,  the  excess  of  temperature  of  the  air  of  the 
copper  cylinders  above  the  temperature  of  the  zinc  jacket,  and 
above  that  of  the  air  between  the  jacket  and  tlie  cylinder  was  at 
the  most  1  or  2  degrees ;  and  consequently  the  excess  of  tem- 
perature of  the  c}linders  themselves  was  still  less.  Let  A  be 
the  quantity  of  heat  which  the  copper  cylinders  lose  by  radiation 
and  the  contact  of  the  external  air,  t  the  excess  of  temperature 
of  the  copper  sides,  and  a,  and  b^  constants,  we  may  then  put* 

*  According  to  Dulong  and  Petit,  the  formula  of  cooling  is 
Ma9(a''-l)  +  Nri-233, 
where  O  is  the  temperature  of  the  surrouuding  bodies,  t  the  excess  of  tem- 
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But  T,  or  the  excess  of  temperature  of  the  sides  of  the  copper 
cylinders,  is  unknown.  The  temperature  of  the  air  in  the  cylin- 
ders has,  of  course,  its  intixinium  in  the  vicinity  of  the  wires,  and 
its  niininium  near  the  sides  of  the  cylinder.  Tlie  tenii)erature 
once  in  ccquilibrio  (that  is,  as  soon  as  the  cylinders  lose  an  equal 
quantity  of  heat  to  that  generated  by  the  current  through  the 
wires),  T  becomes  a  function  determined  from  the  mean  excess 
of  temperature  of  the  air  in  the  cylinders.  This  mean  excess 
results  from  the  two  following  causes  : — 1,  the  heat  generated  in 
the  wires  by  the  resistance  to  the  passage  of  the  current ;  2,  the 
variation  of  temperature  at  the  surfaces  of  contact.  We  will  call 
T  the  mean  temperature  which  would  be  produced  after  the  tem- 
perature has  arrived  at  equilibrium,  if  the  first  of  these  causes 
acted  alone ;  and  we  will  designate  by  t  the  alteration  occa- 
sioned by  the  second.  For  the  case  in  which  the  two  sources 
of  heat  reinforce  one  another,  the  mean  excess  of  tem})erature 
above  mentioned  will  therefore  be  expressed  by  T-|-/;  and  for 
the  case  in  which  they  arc  opposed,  by  T— /. 

The  excess  of  temperature,  t,  of  the  copper  sides  is  therefore 
determined  in  the  first  case  from  T-\-t,  and  from  T  — /  in  the 
second.  Now,  if  we  suppose  this  function  to  be  developed  in 
a  series  according  to  the  ascending  powers  of  T-f-^,  and  that 
sufficient  accuracy  will   be  attained  by  keeping  the  first   two 

perature  of  the  co]»per  cylinders,  and  M,  N,  and  a  constants.  Taknig 
1  degree  Celsius  (Centigrade)  as  unit,  we  have,  according  to  Dulong  and 
Petit,  a  =  r(K)77  ;  with  a  smaller  unit,  a  of  course  becomes  less  also.  De- 
veloping in  series,  and  designating  by  k  the  natural  logarithm  of  a,  we 
obtain 

«e(a^-l)  =  A-^l+Ae+  *^  +  J^'+  &c.jr 
+  ^(^i+Ae+  ^'  +  f^  +  &c.jr^ 
4-^/^(l+Ae+  ^'  +  ^+  &c.)rH  &c., 

or,  abbreviating, 

ae(ar-  l)  =  H}r-|-  ^^f^-  +  ^"^  +  &c. 

Now  k  is  very  small;  for  «=  1*0077  its  value  is  0-0()7(>7-  Taking  O'^OOl 
as  unit,  we  have,  as  is  easily  demonstrated,  A:=0(U)0()()7<>7.  <>r  one  thou- 
sandth of  its  primitive  value.  This  series  is  conseijuently  liipidly  conver- 
gent for  values  of  r  not  too  great  ;  thanks  to  which  circiunstancc,  keci)iug 
two  terms  gives  a  siillicieiit  ajjproximation.  As,  furtlii'r,  the  variations  of 
B  are  relatively  small,  we  can,  without  too  great  an  error,  regard  \\  as  con- 
stant. In  this  way  we  obtain  A  =  «,r-)-  h;r'',  a  formula  which,  by  means  of 
convenient  values  for  the  constants,  may  be  regarded  as  inchuliug  the 
term  Nr'^a. 
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terms  (a  supposition  which  ought  to  be  verified  by  obscrvatiou), 
we  obtain: — in  the  first  case,  t  =  7(T  +  ^) +S(T  +  /)^;  in  the 
second,  t  =  7(T  — /) +S(T  — /)^, — where  7  and  8  are  constants. 
Substituting  these  values  in  the  above  expression  gives  : — 

k^  =  a{T  +  t)+b(Y  +  tY,     A,^  =  a(T-0  +  ^(T-0^    •     (1) 

\,-^^,  =  2at-\-WYt, (2) 

where  a  and  b  are  new  constants. 

But  Ay  — Ayy  is  only  the  difference  between  the  quantities  of 
heat  produced  when  the  current  passes  first  in  one  direction  and 
then  in  the  other — or,  in  other  terms,  twice  the  quantity  of  heat 
(W)  produced  or  destroyed  at  the  point  of  contact,  and  which  is 
precisely  the  quantity  sought  by  these  observations.  We  have 
therefore 

\\=zat  +  2bTt (3) 

T  was  not  measured ;  its  value  is  consequently  unknown ;  t 
was  obtained  directly,  from  the  movement  of  the  index  when 
the  current  passed  first  in  one  direction  and  then  in  Ihe  other. 
As  we  have  seen  above,  T  represents  the  excess  of  temperature 
which  would  be  produced  in  the  air  enclosed  in  the  copper  cy- 
linders if  the  current  traversed  the  pair  of  wires  soldered  together 
without  any  variation  of  temperature  taking  place  at  the  point 
of  soldering.  If,  now,  m  designates  a  constant  proportional  to 
the  resistance  of  the  pair  of  soldered  wires,  the  heat  developed 
in  the  same  pair  of  wires  by  the  current,  s,  is  equal  to  ms^.  We 
have  then,  according  to  equation  (1) : — 

ms^  =  aT  +  bT^ (4) 

If  now  in  equation  (3)  the  value  of  T  derived  from  equation 
(4)  be  substituted,  remembering  at  the  same  time  that  W  is 
proportional  to  the  intensity  of  the  current,  and  consequently 
can  be  expressed  by  ns,  where  n  is  a  constant  factor,  we  obtain 

w^  /ms^       (J? 


By  reducing  this  equation,  and  designating  -  by  a,  and  —^  by 

a  a 


2b      "V     b    ^  4.b^ 

u 

/3,  we  obtain,  finally, 

«s=(^/|S?+l)/ (5) 

In  this  equation,  a  is  proportional  to  the  quantity  of  heat 
produced  or  destroyed  at  the  point  of  contact  at  the  time  of  the 
passage  of  a  current  of  unit  intensity,  t  designates  the  disj)lace- 
ment  of  the  index  when  the  current  passes  from  one  direction  to 
the  other,  and  ^  is  a  constant  which  changes  its  value  when  one 
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pair  of  wires  is  exchanged  for  another ;  so  that  (^  must-  be  de- 
termined for  each  pair  by  observation. 

Now,  if  at  two  different  current-intensities,  s  and  s^,  the  cor- 
responding values  /  and  t^  of  the  movement  of  the  index  be 
measured,  we  obtain,  from  equation  (5), 

The  observations  given  further  on  have  been  calculated  by  means 
of  equations  (5)  and  (6). 

As  is  evident  from  what  precedes,  the  method  of  observation 
we  have  described  is  founded  on  the  circumstance  that,  once  the 
temperature  is  stationary,  the  cylinder  loses  a  quantity  of  heat 
equal  to  that  generated  in  the  wires.  In  principle  this  method 
is  correct.  Nevertheless  the  formula  by  which  the  quantity  of 
heat  that  disappears  is  calculated  are  only  approximative;  but 
the  experiments  demonstrate  that  the  approximation  is  sufficient. 
As  the  interval  from  one  observation  to  another  was  three  quar- 
ters of  an  hour,  the  work  took  a  considerable  time.  When  the 
whole  of  the  metallic  combinations  had  thus  been  studied  from 
both  points  of  view,  electromotive  and  thermoelectric,  wishing, 
as  a  control,  to  determine  the  electromotive  forces  again,  I  pro- 
ceeded in  the  following  manner : — The  current  was  reversed  at 
the  end  of  a  quarter  of  an  hour,  during  which  the  temperature 
of  the  cylinder  had  not  time  to  acquire  equilibrium.  If  now  all 
the  heat  generated  in  the  wire  passed  into  the  air  enclosed  in  the 
cylinder,  without  any  of  it  remaining  in  the  wire  or  disappearing 
through  the  sides  of  the  cylinder,  an  exact  measure  of  the  heat 
produced  would  be  obtained  by  determining,  from  the  displace- 
ment of  the  index,  the  increase  of  the  mean  temperature  of  the 
air.  But  this  is  not  the  case  :  a  part  of  the  heat  remains  in  the 
wire;  and  a  part  passes  into  the  sides.  The  quantity  of  heat 
which,  remaining  in  the  wire,  occasions  the  heating  of  it,  de- 
pends on  the  calorific  capacity  of  the  wire  ;  but  the  whole  amount 
of  this  is  insignificant  in  comparison  with  that  which  j)asses  into 
the  copper  sides.  It  is  therefore  quite  unnecessary  to  take  ac- 
count of  the  difference,  still  more  insignificant,  between  the 
quantities  of  heat  remaining  in  the  different  pairs  of  wires.  The 
part  of  the  heat  generated  which  thus  docs  not  pass  into  the  air 
may  be  regarded  as  a  function  of  the  total  augmentation  of  the 
temperature  of  the  air  during  the  interval  of  time,  and  may  be 
cx})ressed  by  the  first  two  powers  of  that  augmentation.  This 
hypothesis  must  l)c  verified  by  the  observations  themselves  before 
it  can  be  admitted  as  correct ;  as  will  be  afterwards  seen,  the 
observations  made  furnish  this  verification.  If  t  is  the  increase 
of  the  mean  temperature  of  the  air  at  the  end  of  a  quarter  of  an 
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liour,  and  rf^  a  constant,  the  quantity  of  heat  wliicli  has  remained 
in  the  air  is  expressed  by  o^r;  and  the  quantity  which,  at  the 
expiration  of  the  same  space  of  time,  has  remained  in  the  wire 
or  has  passed  into  the  sides  of  the  cylinder,  by  affr-\-hT^,  in 
which  a^f  and  b  are  constants.  If,  then,  we  call  the  entire  quan- 
tity of  heat  produced  Ap  we  have  Ay  =  flT  +  Z)T^.  On  reversing 
the  current,  we  obtain,  in  the  same  manner,  A^^  =  ar,  +  ir/-.  The 
difference  W  between  these  two  values  is  the  quantity  sought, 
which  will  be 

^y  =  a{T-r)+b{r-r;)[T  +  T;). 

Now  T~T^  is  indicated  by  the  space  moved  through  by  the  index 
during  the  time  in  question;  and  t-ItTi  is  evidently  the  increase 
of  temperature  resulting  from  the  quantity  of  heat  produced  in 
the  wire  in  consequence  of  the  galvanic  resistance.  Designating, 
as  before,  the  first  by  /,  and  the  second  by  T,  we  obtain 

W  =  «/  +  6T/, 

which  is  identical  with  equation  (3)  above  given.  Thus,  even 
when  the  observations  follow  at  intervals  of  15  minutes,  the  for- 
mulre  above  given  can  be  used  for  the  calculation,  although, 
perhaps,  with  modified  values  of  the  constants. 

One  observation  following  another,  as  has  been  said,  every  15 
minutes,  it  was  found  that,  chiefly  for  the  copper-tin  combina- 
tion, the  successive  deviations  of  the  index  varied  considerably 
in  amount — a  circumstance  which  I  could  not  at  first  account 
for.  On  closer  reflection,  however,  its  cause  was  easily  disco- 
vered. As  was  said  above,  a  quarter  of  an  hour  is  not  sufficient 
to  render  the  temperature  stationary.  Let  us  suppose  that  with 
the  same  direction  and  the  same  intensity  the  current  has  taken 
a  longer  time  to  traverse  the  cylinders — three  quarters,  for  ex- 
ample, or  even  more — and  that  then  it  is  reversed,  and  its  direc- 
tion afterwards  changed  every  quarter  of  an  hour.  lu  that 
cylinder  in  which  heat  was  developed  at  the  point  of  contact 
during  the  45  minutes  above  supposed,  the  temperature  of  the 
copper  wall  is  relatively  high,  and  thence  the  cooling  greater 
than  in  the  other.  As  soon  as  the  current  is  reversed,  the  air 
which  surrounds  the  point  of  contact  in  the  first  cylinder  cools; 
while  the  wall  continues  to  lose  a  great  quantity  of  heat,  in  con- 
sequence of  its  still  comparatively  elevated  temperature ;  and  in 
the  second  cylinder  the  source  of  heat  is  augmented,  while  the 
cooling  is  relatively  very  little.  The  index,  therefore,  has  neces- 
sarily a  considerable  deviation  in  the  direction  of  the  first 
cylinder.  After  a  quarter  of  an  hour  the  current  is  again  re- 
versed before  the  sides  of  the  first  cylinder  have  had  time  to  cool 
and  those  of  the  second  to  be  heated  to  the  degree  corresponding 
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to  the  sources  of  heat  existing  in  each  cylinder.  It  may  now 
easily  happen,  in  the  course  of  the  observations,  that  the  tem- 
perature of  the  sides  is  relatively  low  iu  the  cylinder  in  which 
the  point  of  contact  commences  to  cool  at  the  moment  of  the 
reversal  of  the  current,  and  that  the  temperature  of  the  sides  of 
the  other  cylinder  is  relatively  high  at  the  same  moment ;  the 
deviation  of  the  index  will  then  be  much  less  than  iu  the  former 
case.  It  is  consequently  impossible  to  measure  with  certainty 
by  a  single  observation  the  movement  of  the  index ;  this  mea- 
surement can  only  be  obtained  by  taking  the  mean  of  a  great 
number  of  observations. 

The  metals  investigated  were  in  the  form  of  wires  of  about  1 
milHm.  diameter,  except  those  of  bismuth,  tin,  and  lead,  which 
were  thicker.  The  copper  used  had  been  precipitated  by  the 
galvanic  method ;  and  the  metals  bismuth,  tin,  lead,  gold,  zinc, 
and  cadmium  had  been  chemically  purified  from  foreign  elements. 
The  silver  likewise  could  be  regarded  as  pure;  for  it  con- 
tained only  0-01  per  cent,  of  foreign  matter.  The  iron  con- 
tained 0-022  per  cent,  of  carbon,  0006  of  silicium,  0-028  of 
phosphorus,  and  a  slight  trace  of  manganese,  but  was  free  frcm 
sulphur*.  In  each  combination,  coj)per  constituted  one  of  the 
wires — with  the  exception  of  the  pair  containing  palladium 
(which  was  soldered  to  a  platinum  wire),  and  that  containing 
zinc  (which  was  soldered  to  a  silver  wire).  All  the  soldcrings 
were  made  with  tin ;  the  aluminium  wire,  however,  had  to  be 
covered  with  a  layer  of  copper,  galvanically  deposited,  before  the 
soldering  could  take  place. 

The  intensity  of  the  current  was  regulated  by  means  of  a 
rheostat,  and  measured  by  a  tangent-compass.  I'he  circuit  was 
furnished  with  the  commutators  required  for  the  reversal  of  the 
current.  Before  the  commencement  of  a  series  of  observations, 
the  current  circulated  in  the  wires  during  one  or  several  hours, 
in  order  that  the  apparatus  might  have  time  to  acquire  equili- 
brium of  temperature. 

I  pass  now  to  the  observations  properly  so  called. 

*  I  owe  tlu!  junificiitlon  of  tlicsc  nictnls  to  the  kindness  of  Professor 
Ekman  and  MM.  Clevc  and  ^Vinimerstedt.     I  received  tlic  gold  and  silver 

from  the  royal  mint,  through  ]\I.  Akerman,  the  Direetor^in  Chief  of  that 
establishment,  and  tlic  iron  through  Assistant  Professor  Akernian.  I  had 
obtained  the  ])alladiiim  from  England,  hy  tlie  kindness  of  Mr.  >i'assau 
Jocclyn,  [Secretary  of  Legation  of  Ucr  Britannic  Majesty  at  the  court  cf 
Stockholm. 

[To  ho  continued.] 
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Xf .   On  n  Simple  Case  of  Ucsunance.     By  Robert  ]\Toon,  M.A., 
Honorary  Fellow  of  Queen's  Colleyc,  Cambridt/c^^'. 

I  DESIRE  to  direct  attention  to  a  very  simple  instance  of 
resonance,  in  the  attempts  to  explain  which  a  considerable 
amount  of  confusion  appears  to  have  arisen. 

The  case  to  which  I  refer  is  that  described  in  Nos.  185,  186 
of  the  article  on  Sound  in  the  Encychpcedia  Mefropolitanaf. 

Suppose  that  a  pipe  closed  at  one  end  has  at  its  opposite  ex- 
tremity a  disk  so  placed  as  nearly  to  close  it;  and  suppose  that, 
by  means  of  a  tuning-fork  or  otherwise,  the  disk  is  made  to  vi- 
brate in  such  a  mannej.'  "  that  the  performance  of  one  complete 
vibration,  going  and  returning,  shall  exactly  occupy  as  much 
time  as  a  sonorous  pulse  would  take  to  traverse"  a  space  equal 
to  double  the  length  of  the  pipe.  The  "first  impulse"  of  the 
disk  upon  "  the  air  will  be  propagated  along  the  pipe  and  re- 
flected at  the  stopped  end,  and  will  again  reach  the  disk  just  at 
the  moment  when  the  latter  is  commencing  its  second  impulse. 
But,  the  absolute  velocity  of  the  disk  in  its  vibrations  being  ex- 
cessively minute  compared  with  that  of  sound,  the  reflected  pulse 
will  undergo  a  second  reflection  at  the  disk  as  if  it  were  a  fixed 
stopper.  It  will,  therefore,  in  its  return  exactlj'  coincide  and 
conspire  with  the  second  original  impulse  of  the  disk ;  and  the 
same  process  being  repeated  on  every  impulse,  each  will  be  com- 
bined with  all  its  echoes,  and  a  musical  tone  v/ill  be  drawn  forth 
from  the  pipe  vastly  superior  to  that  which  the  disk  vibrating 
alone  in  free  air  would  produce." 

Nothing  can  be  more  lucid,  or  apparently  more  convincing,, 
than  this  explanation.  Unfortunately  the  facts  do  not  corre- 
spond with  the  conclusion  to  which  the  argument  points. 

If  we  are  to  accept  the  very  precise  and  reiterated  statement!? 
npon  the  subject  of  Professor  Tyndall  (Tyndall  '  On  Sound,'  ubi 
supra),  such  an  increase  of  tone  as  that  above  referred  to  occurs,- 
not  when  the  length  of  the  pipe  is  half,  but  when  it  is  one 
quarter  of  the  length  of  a  wave  whose  pcriad  of  vibration,- 
"  going  and  returning,"  is  the  same  as  that  of  the  disk  ;  and  if 
the  above  process  of  reasoning  be  applied  to  this  altered  state  of 
circumstances,  it  will  be  found  to  lead  to  a  conclusion  precisely- 
the  opposite  to  that  which  has  been  above  arrived  at. 

For,  supposing  the  "first  impulse"  propagated  by  the  disk^ 
into  the  pipe  to  consist  of  a  condensation!,  such  condensation' 
will  have  entered  the   pipe,   will  have  been  reflected  at   the- 

*  Communicated  bv  the  Author, 
t  See  also  Tyndair' On  Sound/  ISG',  pp.  1/3-6. 

X  The  adoption  of  the  alternative  supposition  would  lead  to  the    ^g^;^ 
conclusion. 
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closed  cud  thereof,  and  will  be  on  the  point  of  emerging  from 
the  open  end  and  of  undergoing  reflection  at  the  disk,  at  the 
precise  moment  that  the  latter  is  going  to  give  birth  to,  and  to 
propagate  within  the  pipe,  a  rarefaction.  These  two  disturbances, 
therefore,  i.  e.  the  twice  reflected  original  condensation  and  the 
first  rarefaction,  will  enter  the  pipe  together,  and  will  mutu- 
ally destroy  each  other  by  interference.  So  far  is  it,  therefore, 
from  being  true  that,  under  the  circumstances  referred  to,  "the 
motion  accumulates  in  the"  pipe  so  as  to  produce  a  "vast  aug- 
mentation of  souud,^'  the  process  of  reasoning  which  has  been 
adopted  tends  to  show  the  exact  contrary,  viz.  that  there  would 
be  in  the  pipe  immediately  after  the  second  impulse  was  con- 
cluded no  motion  whatever,  and  that  the  sonorous  effect  of  the 
vibrating  disk,  so  far  from  being  enhanced,  would  be  positively 
destroyed  by  the  closure  of  the  pipe. 

There  will  be  no  difficulty,  however,  in  explaining  this  re- 
markable phenomenon  if  we  consider  carefully  the  mode  in  which 
aerial  waves  are  generated  by  the  vibrating  disk. 

Suppose  the  ])ipc  A  B  to  be  open  at  both  ends,  and  that  we 
have  placed  within  it  a  closely  fitting  disk,  represented  by  D  D', 
capable  of  sliding  within  the  pipe  ;  and  let  us  consider  the  effect 
of  the  disk  being  removed  from  one  position  of  rest,  1)  D',  to  an- 
other, dd',  during  the  interval  t^. 

D'  d' 
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It  is  evident  that  at  any  instant  during  the  first  portion  of  /^ 
we  shall  have  to  the  right  of  the  disk  a  disturbance  in  the  nature 
of  a  condensation,  in  which  the  velocity  and  condensation  respec- 
tively will  have  their  maximum  values  at  the  point  of  contact 
with  the  disk,  and  will  thence  gradually  diminish  as  we  recede 
to  the  right  till  they  simultaneously  vanish;  while  at  the  same 
instant  we  shall  have  on  the  left  side  of  the  disk  a  disturbance 
in  the  nature  of  a  rarefaction,  in  which  the  velocity  and  rarefac- 
tion will  in  like  manner  be  at  a  maximum  at  the  point  of  contact 
with  the  disk,  and  will  thence  gradually  diminish  as  we  recede 
to  the  left  till  tliey  simultaneously  vanish. 

The  state  of  things  just  described  will  continue  till  the  disk 
has  attained  its  maximum  vclocitj'^,  at  which  ejioch  the  air  in  con- 
tact with  it  on  either  side  will  also  have  its  maximum  velocity ; 
the  air  to  the  right  in  contact  with  the  disk  having  at  the  same 
time  its  maximum  condensation,  while  that  to  the  left  has  its 
maxinnim  rarefaction*. 

Subsequent  to  this,  at  any  instant  during  the  remainder  of  /,, 

♦  Tlie  two  (listurbauccs  will  be  sj-mmctricul  with  respect  to  the  disk  in 
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the  disturbances  will  be  of  this  kind :  viz.  to  the  right  the  velo- 
city and  condensation  will  increase  till  each  attiins  its  maximum, 
and  will  thence  gradually  diminish  till  they  vanish  together; 
while  on  the  left  hand  the  disturbance  will  be,  mutatis  mutandis, 
of  precisely  similar  character. 

At  the  end  of  the  interval  t^  we  shall  have  on  either  side  of  the 
disk  a  complete  wave,  on  the  right  of  condensation,  on  the  left 
of  rarefaction,  each  capable  of  propagating  itself  without  the  aid 
of  the  disk,  whose  creative  function  with  regard  to  each  will  be 
then  finally  closed. 

It  results  from  what  has  preceded,  that  at  each  instant  of  the 
interval  t^  vvc  shall  have  on  the  right  of  the  disk,  and  acting  upon 
it,  a  condensation,  on  the  left  a  rarefaction — the  difference  of 
which  will  constitute  a  retarding  force,  which  must  have  the 
effect  of  reducing  the  amplitude  of  vibration  of  the  disk,  and  of 
reducing  consequently  the  loudness  of  any  sound  Avhich  may  be 
due  to  such  vibration. 

I  now  proceed  to  show  that  in  the  experiment  before  us  the 
effect  of  closing  the  pipe  at  the  point  indicated  by  Professor 
Tyndall  is,  by  detaining  the  aerial  waves  and  returning  them 
successively  upon  the  disk  at  the  proper  moment,  to  destroy  or 
reduce  the  retarding  force  exerted  upon  the  disk  by  the  sur- 
rounding air,  so  that,  up  to  a  certain  limit,  the  amplitude  of 
vibration  of  the  disk,  and  with  it  the  intensity  of  the  sound 
resulting  from  its  motion,  will  be  increased  at  each  succeeding 
excursion. 

Let  us  now  suppose  the  pipe  to  be  closed  bj  a  fixed  stopper 
at  C,  CD  being  equal  to  half  the  length  of  the  wave  of  conden- 
sation produced  by  the  motion  in  the  ttme  t^  of  the  disk  from  . 
1)  D'  to  dd' ,  or  equal  to  a  quarter  of  the  mixed  wave  of  conden- 
sation followed  by  rarefaction  which  would  be  produced  by  the 
vibration  of  the  disk  in  the  time  ''M^  from  DD'  to  dd'  and  vice 
versa. 

The  motion  of  the  disk  from  D  D'  to  dd'  will  have  forced  into 
the  portion  of  the  pipe  to  the  right  a  condensed  wave,  which  will 
be  reflected  at  C,  and  at  the  end  of  the  time  t,  will  be  ready  for 
reflection  at  the  disk;  precisely  at  the  moment  when  the  latter, 
by  its  return  movement  from  d  d'  to  D  D',  is  preparing  to  propa- 
gate into  the  portion  rfC  of  the  pipe  a  rarefied  wave. 

Hence  at  any  instant  during  the  second  interval  t,  (in  which 
the  disk  moves  from  dd'  to  D  D')  we  shall  have  the  following 
disturbances  to  the  right  of  the  disk,  viz. : — 

tliis  sense,  viz.  that  at  equal  distances  from  the  latter  the  excess  above  the 
mean  density  of  the  one  will  be  equal  to  the  defect  below  that  density  of 
the  other,  at  the  same  time  that  the  velocities  are  equal  and  in  the  same 
direction. 
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1.  The  portion  of  rarefied  wave  which  the  retreat  of  the  disk 
towards  D  1)'  will  have  created. 

2.  The  portion  of  the  condensed  wave  before  spoken  of,  which 
has  already  undergone  reflection  at  the  disk. 

3.  The  remainder  of  the  same  condensed  wave,  i.  e.  the  por- 
tion of  it  which  has  still  to  undergo  such  reflection. 

Of  these  three  superposed,  or  partiallj^  superposed  disturb- 
ances— assuming  the  motion  of  the  disk  daring  the  second  in- 
terval tj  to  be,  except  as  regards  direction,  the  same  as  in  the 
first — the  first  two  will  destroy  each  other  by  interference,  in 
the  manner  already  explained,  leaving  the  third  as  that  which 
alone  needs  to  be  regarded  in  estimating  the  pressure  exerted  on 
the  right  face  of  the  disk  during  the  second  interval  tj. 

On  the  other  hand,  on  the  same  assumption  as  to  the  motion 
of  the  disk,  it  is  clear  that  the  pressure  on  the  left  side  of  the 
disk  at  any  instant  during  the  second  interval  tj  will  be  that  due 
to  a  condensation,  and  will  be  equal  to  the  pressure  at  the  same 
instant  on  the  opposite  side  of  the  disk  which  would  be  due  to 
the  reflected  portion  of  the  condensed  wave,  supposing  no  such 
interference  as  before  mentioned  to  have  taken  ])lace — and 
therefore  equal  to  the  pressure  actually  exerted  on  the  disk  by 
the  unreflectcd  portion  of  the  condensed  wave,  since  the  pres- 
sures on  the  disk  of  these  two  portions  of  the  condensed  wave  are 
necessarily  equal. 

On  the  above  assumption,  therefore,  as  to  the  motion  of  the 
disk,  it  is  clear  that  the  pressures  on  the  two  sides  of  the  disk  at 
any  instant  during  the  second  interval  t,  would  be  equal  and  op- 
posite, so  that  there  would  be  an  entire  absence  of  any  such 
force  restraining  the  motion  of  the  disk  as,  if  the  tube  were  left 
open,  would  necessarily  exist. 

It  follows,  therefore,  that  during  the  second  interval  t^  the 
disk  will  move  through  a  longer  space  than  it  did  during  the 
first,  and  that  this  increased  am})litude  of  vibration  is  due  exclu- 
sively to  the  presence  of  the  stopper  at  C. 

During  the  next  vibration  of  the  disk  [i.  e.  in  its  motion  to  the 
right  during  a  third  interval  t^  similar  effects  will  occur.  In 
this  case,  however,  the  argument  may  be  presented  more  simply 
in  a  somewhat  different  form. 

If  the  closure  of  the  tube  had  no  effect  in  accelerating  the 
motion  of  the  disk  during  the  second  interval  /^,  it  is  clear  that 
at  the  beginning  of  the  third  interval  t^  the  air  to  the  right  of  the 
disk  would  be  at  rest,  since  the  whole  of  the  original  condensed 
wave  would  then  have  undergone  reflection  at  the  disk  and  have 
been  destroyed  by  interference  in  the  manner  already  explained. 
But  by  reason  of  the  closure  of  the  tube  the  excursion  of  the 
disk  to  the  left  during  the  second  interval  t,  will,  as  already 
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shown,  have  been  increased;  and  the  rarefaction  which  it  leaves 
behind  it  will  be  increased  in  like  manner;  so  that  this  latter 
disturbance  (that  is  to  say,  the  rarefaction  to  the  right  of  the 
disk  which  its  motion  to  the  left  tends  to  create)  will  not  be  en- 
tirely destroyed  by  interference  with  the  original  condensed  wave; 
in  other  words,  we  shall  have  at  the  beginning  of  the  third  in- 
terval t^  a  rarefied  wave  in  position  and  circumstances  precisely 
similar  to  the  original  condensed  wave  at  the  beginning  of  the 
second  interval  t^ ;  i.  e.  by  reflection  at  C  it  will  have  become 
doubled  upon  itself  within  the  portion  C  D  of  the  pipe,  and  will 
be  on  the  point  of  undergoing  reflection  at  the  dislc . 

The  reflection  of  this  rarefled  wave  at  the  disk  will  have  the 
effect  of  subjecting  the  latter  at  each  instant  of  the  third  inter- 
val t^  to  the  influence  of  two  rarefactions,  the  presence  of  each 
of  which  is  entirely  attributable  to  the  occurrence  of  the  stopper 
at  C  ;  viz.  the  rarefaction  of  the  reflected  portion,  together  with 
that  also  of  the  unreflected  portion  of  the  last-mentioned  wave. 
The  tendency  of  these  will  manifestly  be  to  solicit  the  disk  in 
the  direction  in  which  it  is  moving,  and  a  further  increase  in  the 
amplitude  of  excursion  of  the  disk  will  necessarily  take  place. 

The  same  reasoning  will  apply  to  the  motion  of  the  disk  du- 
ring successive  intervals,  till  at  last,  supposing  the  impulses  to 
be  communicated  to  the  disk  by  means  of  a  tuning-fork,  the  in- 
creasing rigidity  of  the  fork  will  prevent  any  further  enlarge- 
ment of  its  excursions;  but  in  the  mean  time  such  an  increased 
amplitude  of  excursion  will  have  been  produced  as  fully  to  ac- 
count for  the  great  increase  of  tone  which  takes  place  under  the 
circumstances  which  we  have  been  considering. 

If  it  be  asked  why,  in  the  case  discussed  by  Sir  John  Her- 
schel,  the  tendency  to  accumulation  of  vibrations  in  the  closed 
tube  does  not  produce  the  effects  he  supposed  to  result  from  it, 
it  may  be  replied  that,  if  the  reasoning  which  I  have  applied  to 
Professor  Tyndall's  case  were  adapted  to  Sir  John  HersclieFs 
case,  it  would  immediately  appear  that  the  stopper  at  C,  by  re- 
flecting a  wave  back  upon  the  disk,  would  have  the  eflect  of  di7ni- 
nishiiig  the  excursion  of  the  latter  and  the  consequent  loudness 
of  the  sound. 

I  may  also  observe  that,  if  in  Sir  John  HerscheVs  case  all  the 
accumulation  took  place  which  he  supposed  to  occur,  the  loud 
sound  spoken  of  could  only  be  intermittent,  prevailing  at  most 
during  very  brief  intervals  separated  by  much  longer  intervals  of 
almost  total  silence — a  variation  in  the  phenomenon  which,  so 
far  as  I  am  aware,  has  not  been  observed  to  occur. 

6  New  Square,  Lincoln's  Inn, 
January  (\,  1S72. 
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XII.  On  Glacier-moiion. 
By  Edward  Vansittaht  Ni:alE;  Esq. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

IT  appears  to  nie  that  Canon  Moseley  has  overlooked,  in  his 
valuable  researches  into  the  cause  of  the  movement  of  gla- 
ciers, two  considerations,  both  important,  if  I  am  not  mistaken, 
in  reference  to  that  question,  namely : — 1st,  the  accumidation  of 
pressure  to  which  the  lower  part  of  a  glacier  must  be  exposed 
from  the  mass  of  ice  behind  tending  to  thrust  it  forwards; 
2nd,  the  mode  in  which  ice  is  formed, 

1st.  If  we  imagine  a  glacier  to  be  divided,  transversely,  into 
sections  of  any  assumed  breadth,  say  one  foot  each,  and  suppose 
one  of  these  sections  placed  on  the  bed  of  the  glacier  by  itself, 
the  force  urging  any  particle  of  ice  on  the  lower  surface  of  the 
section  forwards  will,  I  conceive,  be  the  weight  of  the  whole 
mass  of  ice  above  and  behind  this  particle,  multiplied  into  the 
sine  of  the  angle  forming  the  slope  of  the  glacier-bed.  IVow  sup- 
pose a  second  section  of  equal  breadth  placed  below  the  first,  so 
that  the  upper  face  of  this  section  shall  be  in  contact  with  the 
lower  face  of  the  first  section  j  the  particles  in  this  upper  face 
must  experience  the  same  amount  of  forward  thrust  as  those  of 
the  lower  face  with  which  they  are  in  contact.  Consequently 
the  particles  in  the  lower  face  of  the  second  section  will  be  sub- 
ject to  this  thrust,  in  addition  to  that  arising  from  the  weight  of 
the  mass  of  ice  in  their  own  division ;  and  Uius,  when  any  con- 
siderable length  of  ice  is  acting  upon  a  slope,  a  pressure  may  be 
produced  upon  the  particles  of  ice  in  its  lowest  extremity  sufli- 
cient  to  overcome  their  adhesion  to  each  other.  Hence  the  glacier 
would  yield  in  the  line  of  least  resistance— that  is,  in  thc'dircc- 
tion  of  its  length.  The  accumulated  pressure  of  the  rear  ranks 
of  particles  would  set  the  front  ranks  in  motion,  and  these,  in 
turn,  would  drag  after  them  the  i)articlc3  in  their  rear  by  their 
molecular  adhesion;  so  that  a  glacier  might  "get  under  u-eigh" 
simply  by  its  own  weight — though,  if  glaciers  were  masses  of  ice 
of  definite  extent,  the  result  of  this  motion  would  probably  be 
only  to  split  it  up  into  fragments  where  the  retarding  and  im- 
pelling forces  were  evenly  balanced,  which  would' therefore 
again  become  stationary.  But  a  glacier  is  not  such  a  Innitcd 
mass.  It  has  an  unlimited  reserve  of  pourr  in  the  snow  of  the 
mountain  height  whence  it  takes  its  origin,  into  which  it  gra- 
dually i)asses  as  its  course  is  traced  upwards.  Its  lower  parts 
can  never  stop;  for  if  they  did,  the  store  of  power  su])plied  by 
the  freely  moving  masses  of  what  iu  Savoy  is  called  ncvc  would 
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accumulate  till  the  resistance  was  overcome.  Hence  the  particles 
of  glacier-ice,  though  to  our  senses  they  seem  stationary,  are 
always  slowly  moving,  under  the  influence  of  the  thrust  behind 
them,  gliding  past  the  sides  of  their  mountain-bed  and  past  each 
other  with  velocities  varying  according  to  the  direction  and  in- 
tensity of  the  lines  of  pressure  acting  upon  them. 

In  regard  to  this  motion,  we  must  also  bear  in  mind  that  the 
accelerative  action  of  the  particles  moving  in  front  of  any  given 
particle  must  always  in  great  part  counterbalance  any  retarding 
action  of  those  moving  at  its  sides;  so  that  the  accumulated 
pressure  exerted  by  those  behind  it  in  order  to  keep  up  its 
movement  would  be  limited  to  tlie  difference  between  these 
two  actions,  which  is  probably  small. 

It  appears,  then,  not  difficult  to  account  for  the  motions  ob- 
served in  glaciers  by  the  accumulated  effect  of  gravitation.  But 
if  the  explanation  here  given  is  the  true  one,  there  ought  to  be 
other  motions  observable  among  the  particles  of  a  glacier,  due 
to  the  impact  of  the  bottom  of  the  glacier  on  the  irregularities 
of  the  surfaces  over  which  it  slides,  which  must,  I  conceive,  pro- 
duce lines  of  pressure  rp/ei?^^/ upwards  obliquely  from  the  bottom 
through  the  advancing  mass.  Accordingly  we  do  find  the  evi- 
dence of  such  pressures  in  the  direction  of  the  ribboned  struc- 
ture often  noticed  in  glacier-ice,  the  thickness  of  the  bands  being 
probably  determined  by  the  mass  of  neve  consolidated  into  ice 
from  year  to  year. 

2nd.  The  force  adduced  in  the  preceding  ex])lanation  ap- 
pears sufficient  to  account  for  the  movements  of  the  particles  of 
a  glacier,  even  though  their  adhesion  to  each  other  should  be  as 
great  as  Canon  Moseley's  experiments  indicate.  But  I  cannot 
feel  quite  satisfied  with  the  results  obtained  by  him.  We  know 
that  ice  forms  in  thin  layers,  which  lie  one  on  the  top  of  another. 
Canon  Moseley's  experiments  on  the  shearing4ovct  required  to 
separate  the  particles  of  ice  were  made,  I  believe,  by  placing- 
weights  on  the  surface  of  a  block  of  ice  resting  on  a  solid  sup- 
port, so  that  the  weight  would  tend  to  compress  the  layers  of  ice 
and  bring  their  particles  into  closer  contact.  Now  the  increase 
of  molecular  action  appears  to  follow  a  ratio  much  above  that  of 
the  inverse  square.  May  not,  therefore,  the  adhesive  force  of 
the  particles  of  ice  have  been  materially  increased  by  the  method 
used  to  ascertain  it  ?  If  the  motion  of  glaciers  is  to  be  subjected 
to  strict  mathematical  reasoning,  as  is  much  to  be  desired,  it 
seems  to  me  that  experiments  are  needed  by  which  the  adhesive 
force  of  ice  shall  be  tested  in  a  manner  more  nearly  approaching- 
the  action  of  the  pressure  in  a  glacier  upon  it,  i.  e.  by  means  of 
a  force  applied  at  one  end  of  a  block  of  ice  held  fast  by  lateral 
compression  and  its  own  weight ;  and  until  this  has  been  done, 
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I  much  question  whether  we  shall  have  any  data  truly  aj)plicable 
for  caleulatinj^  the  amount  of  force  required  to  produce  the  dif- 
ferential motions  observed  in  glaciers, 

I  am  yours  &c., 

Edward  Vansittart  Neale. 
Ilampstead,  January  8,  18/2. 


XIII.  A  Contribution  to  the  History  of  the  Mechanical  Theory  of 
Heat.     By  Professor  Clausius. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
GentlemeXj  ])onn,  January  6,  1872. 

THERE  has  recently  ajipearcd  a  very  valuable  book,  entitled 
"Theory  of  Iieat,'by  J.  Clerk  Maxwell,"  in  which  the  me- 
chanical  theory  especially  is  regarded  with  favour,  and  many 
quotations  and  historical  notices  in  reference  to  its  origin  and 
development  arc  given.  In  all  these  details,  however  (with  the 
exception  of  the  "Molecular  Constitution  of  Bodies"),  my  wri- 
tings are  left  quite  unmentioned;  and  my  name  occurs  only 
once,  when  it  is  said  that  I  introduced  the  word  entropy ;  but 
it  is  added  that  the  theory  of  entropy  had  already  been  given 
by  "W.  Thomson.  Hence  any  one  who  derives  his  knowledge 
of  the  matter  solely  from  this  book  must  conclude  that  I  have 
contributed  nothing  to  the  development  of  the  mechanical  theory 
of  heat.  Since  Professor  IMaxwell,  through  his  many  beautiful 
investigations,  justly  enjoys  a  wide-spread  reputation,  1  think 
that,  however  reluctantly  I  resolve  to  do  so,  it  is  yet  incumbent 
on  me  to  say  something  in  order  to  correct  the  representation 
he  has  given.  Considering  that  3'ou  have  done  mc  the  honour 
to  admit  into  the  Philosophical  ^lagazine  nearly  all  \\\y  memoirs 
on  the  mechanical  theory  of  heat,  1  trust  that  also  to  these  per- 
sonal observations,  to  which  I  am  compelled,  you  will  kindly 
grant  a  place  in  your  esteemed  journal. 
I  remain,  Gentlemen, 

Most  respectfully  yours, 

R.  Clausius. 


For  the  better  understanding  of  the  following,  it  will  be  useful 
first  to  say  something  on  the  condition  of  the  theory  of  heat  at 
the  time  of  the  j)ublication  of  my  first  memoir  relative  thereto. 

In  the  years  1842-49  had  appeared  the  first  splendid  writings 
of  jNIayer,  Colding,  and  lieimholtz  on  the  conservation  of  energy, 
and  a  portion  of  the  celebrated  investigations  of  Joule  on  the 
mechanical  equivalent  of  heat,  but  at  that  time  had  not  become 
so  well  known  as  they  deserved  to  be. 
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Then,  in  18 19,  W.  Thomson  published  his  interesting  me- 
moir, "An  Account  of  Carnot's  Theory  of  the  Motive  Power  of 
Heat,  with  Numerical  Results  deduced  from  Regnault's  Experi- 
ments on  Steam"*.  In  this  treatise  he  still  adheres  entirely  to 
Carnot's  view,  that  heat  can  perform  work  without  the  quantity 
of  heat  present  being  altered.  It  is  true,  he  adduces  a  difficulty 
which  op])oscs  this  view,  and  says  (p.  545),  "  It  might  appear 
that  the  difficulty  would  be  entirely  avoided  by  abandoning  Car- 
not's fundamental  axiom — a  view  which  is  strongly  urged  by 
Mr.  Joule."  But  he  adds,  "If  we  do  so,  however,  we  meet  with 
innumerable  other  difficulties,  insuperable  without  further  expe- 
rimental investigation  and  an  entire  reconstruction  of  the  theory 
of  heat  from  its  foundation.  It  is  in  reality  to  experiment  that 
we  must  look,  either  for  a  verification  of  Carnot's  axiom  and  an 
explanation  of  the  difficulty  we  have  been  considering,  or  for  an 
entirely  new  basis  of  the  theory  of  heat." 

At  the  time  of  the  appearance  of  this  memoir,  I  wrote  my  first 
on  the  mechanical  theory  of  heat,  which  was  read  in  the  Berlin 
Academy  in  February  1850,  and  was  printed  in  the  March  and 
April  numbers  of  Poggendorff 's  Annalen,  and  of  which  an  English 
translation  appeared  in  the  Phil.  Mag.  S.  4.  vol.  ii. 

In  it  I  ventured  to  commence  that  reconstruction  of  the  theory 
of  heat,  without  waiting  for  further  experimental  investigation; 
and  therein,  I  believe,  I  so  far  overcame  the  difficulties  men- 
tioned by  Thomson  that  the  path  was  smoothed  for  all  further 
investigations  of  this  sort. 

In  the  first  part  of  the  memoir,  which  treated  of  the  theorem 
of  the  equivalence  of  heat  and  work,  I  showed,  first,  that  several 
quantities  occurring  in  the  science  of  heat  required  a  conception 
and  treatment  quite  different  from  those  which  they  had  hitherto 
received. 

The  amount  of  heat  which  a  body  must  receive  in  order,  from 
a  given  initial  condition,  to  arrive  at  another,  and  which  was 
named  the  total  heat  of  the  body,  had  previously  been  universally 
treated  as  a  quantity  which  was  perfectly  determined  by  the  mo- 
mentary state  of  the  body ;  and  accordingly  it  was  represented 
by  a  function  of  the  volume  and  temperature,  or  of  the  volume 
and  pressure.  I  now  showed  that  such  a  mode  of  representation 
is  inadmissible,  this  quantity  depending  not  merely  on  the  mo- 
mentary state  of  the  body,  but  also  on  the  way  in  which  it  has 
arrived  at  that  state. 

Of  the  so-called  latent  heat,  I  maintained  that  it  no  longer 
exists  as  heat,  but  has  been  expended  for  the  production  of  work. 
I  distinguished  the  work  into  intei-nal  and  external,  and  made 
evid-ent  an  essential  difference  between  the  two — the  former  being 

*  Transactions  of  the  Koyal  Society  of  Edinburgh,  vol.  xvi.  p.  541. 
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independent  of  the  mode  of  the  alterations,  while  the  latter  is 
dependent  thereon. 

Tlic  heat  c.\j)cudc'd  for  internal  work  I  united  with  tlic  heat 
actually  present  in  the  body  into  one  quantity,  which  has  the 
character  previously  assumed  to  be  that  of  the  total  heat,  viz. 
that  it  may  be  represented  by  a  function  of  the  volume  and  tem- 
perature. To  this  function,  which  I  denoted  by  U,  Thomson 
subsequently  gave  the  very  suitable  name  of  energy  of  the  body. 

In  the  second  part  of  the  memoir,  which  related  to  Carnot's 
theorem,  I  showed  that,  in  the  form  in  which  Carnot  expressed 
it,  this  theorem  cannot  be  correct — and,  further,  that  Carnot's 
proof  of  it  (resting  on  the  axiom  that  it  is  impossible  to  create 
moving  force  out  of  nothing)  is,  after  the  acceptation  of  the  above- 
mentioned  first  theorem,  no  longer  tenable.  On  the  other  hand, 
I  showed,  further,  that,  by  a  certain  modification  of  Carnot's 
theorem,  its  agreement  with  the  first  theorem  can  be  restored; 
and  I  demonstrated  the  theorem,  thus  modified,  by  admitting  a 
new  axiom.  This  axiom,  in  its  briefest  form,  is  : — Heat  cannot 
of  itself  pass  from  a  cooler  into  a  hotter  body. 

After  the  establishment  of  the  general  notions,  I  applied  the 
two  theorems  to  permanent  gases  and  to  the  process  of  evapo- 
ration. 

Among  other  results,  the  application  to  gases  gave  the  first 
reliable  determination  of  Carnot's  temperature-function ;  for  an 
earlier  determination,  made  by  Holtzmann,  rested  on  calculations 
demonstrably  inaccurate,  and  hence  incapable  of  affording  any 
guarantee  for  the  correctness  of  the  result. 

The  application  to  the  process  of  evaporation  led  to  two  im- 
portant consequences: — (1)  that  steam,  when  it  expands  witliout 
the  introduction  of  heat,  and  overcoming  a  resistance  correspond- 
ing to  its  full  force,  must  therein  be  partially  precipitated,  and, 
hence,  that  the  specific  heat  of  saturated  steam  is  a  negative 
quantity ;  and  (2)  that  saturated  steam  does  not  follow  Mariotte 
and  Gay-Lussae's  law,  as  in  all  previous  calculations  had  been 
presupposed,  but  deviates  greatly  from  it.  The  new  equations 
which  1  already  in  that  first  memoir  constructed  for  the  nearer 
determination  of  the  behaviour  of  vapours,  are  at  the  })resent 
time  still  recognized  as  perfectly  correct,  and  are  universally  cm- 
ployed. 

In  the  same  month  (February  1850)  in  which  my  memou- 
was  brought  before  the  Berlin  Academy,  a  very  valuable  memoir, 
by  Kankine,  was  brought  before  the  lloyal  Society  of  Edinburgh, 
and  was  published  in  the  Transactions  of  that  Society*. 

Therein  Kankine  advances  the  hypothesis  that  heat  consists  in 

*  Vol.  XX.  ]).  147.  In  1854  it  was  reprinted,  with  some  alterations,  in 
the  Phil.  Mat'-  S-  4-  ^ol.  vu.  pp.  1,  111,  &  1/2. 
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a  whirling  motion  of  the  molecules,  and  very  skilfully  deduces 
from  it  a  series  of  theorems  on  the  behaviour  of  heat.  It  must 
particularly  be  mentioned  that  he  also  found  the  specific  heat  of 
saturated  steam  to  be  a  negative  quantity.  He  was  unable,  how- 
ever, to  effect  so  accurate  a  quantitative  determination  of  this 
quantity  as  I,  because  at  that  time  he  still  assumed  for  saturated 
steam  the  validity  of  Mariotte  and  Gay-Lussac's  law. 

The  second  theorem  of  the  mechanical  theory  of  heat  was  not 
treated  by  Kankine  in  this  memoir,  but  first  in  another,  which 
was  brought  before  the  Edinburgh  Royal  Society  a  year  later 
(April  1851)*.  He  there  says  himself,  speaking  of  my  hand- 
ling of  the  theorem  t,  "  and  I  had  at  first  doubts  as  to  the  sound- 
ness of  the  reasoning  by  which  he  maintained  it.  Having  stated 
those  doubts  to  Professor  Thomson,  I  am^  indebted  to  him  for 
having  induced  me  to  investigate  the  subject  thoroughly.^'  He 
then  added  that  he  had  now  come  to  the  conclusion  that  this 
theorem  was  not  to  be  regarded  as  an  independent  principle  in 
the  theory  of  heat,  but  that  it  could  be  derived  as  a  consequence 
from  the  equations  which  had  been  given  in  his  earlier  memoir. 

He  then  communicates  the  new  proof  of  the  theorem.  But 
(as  I  afterwards  showed  J,  without  any  contradiction  from  Mr. 
Rankine)  this  proof  agrees  with  his  own  views  on  specific  heat 
only  where  the  body  in  question  retains  its  state  of  aggregation. 
On  the  contrary,  where  alterations  in  the  state  of  aggregation 
occur  (and  these  are  the  most  important  cases),  the  proof  con- 
tradicts the  views  which  he  had  formerly  expressed  and  which 
he  subsequently  maintained  §. 

Rankine  added  the  memoir  of  1851  as  a  fifth  section  to  his 
previous  memoir,  on  account  of  the  affinity  of  the  contents. 
Thence  arose  the  error  in  some  authors — who  have  written  as  if 
this  new  memoir  had  from  the  first  formed  part  of  the  earlier 
memoir,  and  therefore  Rankine  and  I  had  simultaneously  given 
a  demonstration  of  the  second  theorem  of  the  mechanical  theory 
of  heat.  But  it  is  evident  from  the  foregoing,  that  his  demon- 
stration (leaving  out  of  consideration  how  far  it  is  satisfactory) 
was  first  given  a  year  after  mine. 

Likev.'ise  in  1851  (in  Marcli)  a  second  memoir  by  W.  Thom- 
son on  the  theory  of  heat  w\as  laid  before  the  Edinburgh  Royal 
Society  II .  In  this  memoir  he  abandons  his  former  position  in 
relation  to  Carnot's  theory,  and  adopts  my  conception  of  the 

*  Edinb.  Trans,  vol.  xx.  p.  205.     riiil.  Mag.  S.  4.  vol.  vii.  p.  249. 

t  Phil.  Mag.  S.  4.  vol.  vii.  p.  251. 

+  Pogg.  Ann.  vol.  cxx.  p.  4i)4  ;  and  '  Meclianical  Theory  of  Heat/  by 
R.  Clausiu?,  edited  by  T.  Archer  Hirst,  p.  2/3. 

§  Phil.  Mag.  S.  4.  vol.  xxx.  p.  410. 

II  Edinb.  Trans,  vol.  xx.  p.  261 ;  reprinted  in  Phil.  Mag.  S.  4.  vol.  iv. 
pp.  8,  105,  &  1G8. 
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second  theorem  of  the  mechanical  theory.  At  the  same  time  he 
amphtied  the  considerations  :  wliile,  in  the  mathematical  treat- 
nunt  of  the  subject,  I  confined  myself  to  the  consideration  of 
gases  and  the  process  of  evaporation,  merely  adding  that  it 
would  be  easily  seen  how  corresponding  applications  to  other 
cases  also  could  be  made,  Thomson  developed  a  series  of  more 
general  equations  independent  of  the  state  of  aggregation  of  the 
bodies,  and  then  passed  on  to  more  special  applications. 

In  one  point,  however,  this  later  memoir  also  remained  behind 
my  own.  That  is  to  say,  here  also  he  adheres  to  jNIariotte  and 
Gay-Lussac's  law  in  the  case  of  saturated  steam,  while  he  hesi- 
tates about  an  hypothesis  relative  to  permanent  gases  which  I 
had  made  use  of  in  ray  developments.  On  this  point  he  says*: — 
"  I  cannot  see  that  any  hypothesis,  such  as  that  adopted  by 
Clausius  fundamentally  in  his  investigations  on  this  subject,  and 
leading,  as  he  shows,  to  determinations  of  the  densities  of  satu- 
rated steam  at  different  temperatures,  v.hieh  indicate  enormous 
deviations  from  the  gaseous  laws  of  variation  with  temperature 
and  pressure,  is  more  probable,  or  is  probably  nearer  the  truth, 
than  that  the  density  of  saturated  steam  does  follow  these  laws 
as  it  is  usually  assumed  to  do.  In  the  present  state  of  science 
it  would  perhaps  be  wrong  to  say  that  either  hypothesis  is  more 
probable  than  the  other." 

Several  years  later,  after  he  had  convinced  himself,  by  experi- 
ments which  he  and  Joule  made  in  common,  of  the  correctness 
of  the  hypothesis  adopted  by  me,  within  the  limits  already  indi- 
cated by  myself,  he  also,  for  the  first  time,  employed  the  same 
procedure  as  I  for  the  determination  of  the  densities  of  saturated 
steam  f. 

Tlie  position  above  stated  has  always,  so  far  as  I  know,  been 
most  readily  acknowledged  by  ^Messrs.  Rankine  and  Thomson 
as  that  occupied  in  relation  to  one  another  by  our  first  writings 
on  the  mechanical  theory  of  heat.  Thomson,  in  his  memoir  of 
1851  J,  says: — "The  whole  theory  of  the  motive  power  of  heat 
is  founded  on  the  two  following  propositions — due  respectively 
to  Joule,  and  to  Carnot  and  Clausius."  Accordingly  he  pro- 
ceeds to  cite  the  second  theorem  of  the  mechanical  theory  of  heat 
under  the  designation  of  "Prop.  II.  (Carnot  and  Clausius)." 
Then,  after  communicating  a  demonstration  discovered  by  him- 
self of  this  proposition,  he  continues  §  : — "It  is  with  no  wish  to 
claim  priority  that  I  make  these  statements,  as  the  merit  of  first 
establishing  the  proposition  upon  correct  principles  is  entirely 

*  E(linl).  Trans,  vol.  x.\.  p.  277;  and  Phil.  Mag.  S.  4.  vol.  iv.  p.  11 1. 
t  Pliil.  Trans.  185 J. 

X  Edinb.  Trans,  vol.  xx.  p.  2G4  ;  .ind  Phil.  Mag.  S.  4.  vol.  iv.  p.  11. 
§  LI.  cc.  pp.  2(JG  et  14. 
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due  to  Clausius,  ^\■llo  publislied  his  demonstration  of  it  in  the 
month  of  J\lay  last  year,  in  the  second  part  of  his  paper  on  the 
Motive  Power  of  Heat." 

In  spite  of  these  utterances  by  W.  Thomson,  Mr.  Maxwell 
has  thought  proper  to  leave  my  writings  unmentioned.  He  cir- 
cumstantially explains  (pp.  145-155)  that,  in  an  essential  point, 
Carnot  was  in  error  in  his  considerations,  and  that  consequently 
the  proposition  expressed  by  him,  as  well  as  his  demonstration 
of  it,  required  to  be  altered ;  yet  in  all  this  he  cannot  find  a 
single  word  in  order  to  state  who  it  was  that  made  those  altera- 
tions, and  correctly  expressed  the  second  theorem  of  the  mecha- 
nical theory  of  heat,  and  reduced  it  to  true  principles. 

Besides,  W.  Thomson,  in  his  memoir,  when  speaking  of  my 
demonstration,  says*: — "The  following  is  the  axiom  on  which 
Clausius's  demonstration  is  founded: — It  is  impossible  for  a  self- 
acting  machine,  unaided  by  external  agency,  to  convey  heat  from 
one  body  to  another  at  a  higher  temperature."  The  proposition 
here  printed  in  italics  is  in  i\lr.  Maxwell's  book  (p.  153)  quoted  in 
exactly  the  same  words  in  which  Tiiomson  has  clothed  it;  but 
here,  instead  of  the  introductory  words  "  The  following  is  the 
axiom  on  which  Clausius's  demonstration  is  founded,''' we  have: — 
"  Carnot  expresses  this  law  as  follows."  Thus,  while  in  the  re- 
mainder of  the  quotation  Thomson's  words  are  used,  my  name  is 
replaced  by  that  of  Carnot,  without  a  word  of  explanation  for 
the  alteration.  This  is  so  mysterious  to  me,  that  I  cannot  help 
supposing  there  must  be  a  misprint.  However,  of  course  I  must 
leave  it  to  Mr.  Maxwell  to  clear  up  the  matter. 

Out  of  the  detailed  statements  which  follow  the  above,  I  will 
only  call  attention  to  two  passages. 

The  result  above  mentioned,  and,  on  account  of  its  importance, 
often  spoken  of  by  others,  viz.  that  saturated  steam  has  a  nega- 
tive specific  heat,  is  cited  by  Maxwell  in  the  following  manner: — 
"  It  appears,  from  the  experiments  of  M.  Regnault,  as  shown  in 
the  diagram  at  p.  135,  that  heat  leaves  the  saturated  steam  as 
its  temperature  rises,  so  that  its  specific  heat  is  negative." 

In  reference  to  my  way  of  calculating  the  density  of  saturated 
steam,  from  which  have  resulted  considerable  deviations  from 
IMariotte  and  Gay-Lussac's  law,  and  which  was  first  adopted  bv 
Eankine  and  Thomson  much  later,  Maxwell  says : — "  In  the 
meantime  Kankine  has  made  use  of  the  formula  [the  same  that 
I  have  used]  in  order  to  calculate  the  density  of  saturated  steam." 

An  intention  on  the  part  of  J\Ir.  Maxwell  to  suppress  my  name 
could,  I  think,  hardly  be  more  distinctly  apparent  than  in  these 
passages. 

All  the  quotations  above  given  referred  to  my  first  memoir  on 
*  LI.  cc.  pp.  266  et  14. 
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the  mechanical  theory  of  heat  (1850).  I  have  since  piihlished, 
besides  those  which  refer  to  electricity  and  to  the  uioh-cular  coii- 
stitutioa  of  bodies,  eight  memoirs  on  that  theory,  all  of  which 
have  been  translated  into  English,  and  since  18G7  combined  in 
one  work*;  bnt  all  of  these  have  been  left  by  ]\Ir.  Maxwell  as 
unnoticed  as  the  first. 

To  enter  into  the  contents  of  these  later  memoirs  would  carry 
us  too  far.  I  will  only  permit  myself  to  touch  on  one  other 
point,  viz.  the  theory  which  refers  to  the  dissipation  of  energy,  or 
to  entropy,  because  another  English  author  also,  whom  I  esteem 
highly,  Mr.  Tait,  in  his  '  Sketch  of  Thermodynamics,'  attributes 
this  theory  to  W.  Thomson  alone. 

As  already  mentioned,  I  demonstrated  Carnot's  theorem,  mo- 
dified, thus  : — 1  laid  it  down  as  a  fundamental  property,  founded 
ill  the  essential  nature  of  heat,  that  it  everywhere  exhibits  the 
tendency  to  compensate  existing  differences  of  temperature,  and 
consequently  to  pass  from  warmer  into  cooler  bodies,  but  can 
never,  without  compensation,  pass  from  cooler  mto  warmer 
bodies.  There  results  from  my  considerations,  as  a  correspond- 
ing difference,  that  the  transformation  of  heat  into  work  is  only 
possible  with  compensation,  while  the  transformation  of  work 
into  heat  can  be  effected  vv'ithout  compensation. 

Two  years  later  a  short  article  appeared,  by  Thomson,  "  On  a 
Universal  Tendency  in  Nature  to  the  Dissipation  of  Mechanical 
Energy '^t,  in  which  he  states  the  three  following  propositions 
as  conclusions  which  he  had  drawn  : — 

1.  "There  is  at  present  in  the  material  world  a  universal 
tendency  to  the  dissipation  of  mechanical  energy/' 

2.  *'  Any  restoration  of  mechanical  energy,  without  more  than 
an  equivalent  of  dissipation,  is  impossible  in  inanimate  material 
processes,  and  is  probably  never  effected  by  means  of  organized 
matter,  either  endowed  with  vegetable  life  or  subjected  to  the  will 
of  an  animated  creature.^' 

3.  "AVitliin  a  finite  period  of  time  past  the  earth  must  have 
been,  and  within  a  finite  period  of  time  to  come  the  earth  must 
again  be,  unfit  for  the  habitation  of  man  as  at  present  constituted, 
unless  operations  have  been,  or  are  to  be  ])erformed,  which  arc 
impossible  under  the  laws  to  which  the  known  operations  going 
on  at  present  in  the  material  world  are  subject." 

These  propositions  were  certainly  worthy  of  admiration  for 
their  boldness  and  universality ;  but  after  what  had  preceded,  it 
could  not  be  said  that  they  contained  a  new  principle.  Thomson 
himself  designates  them  as  "consequences  which  follow  from 

*  The  Meclianicfil  Theory  of  Ilcat.    By  II.  Clausius.   Editctl  hvT.  Archer 
Hirst.     London  :  J.  Vun  A'^oorst. 
t  I'roc.  Roy.  Soc.  Ediub.  April  1852 ;  and  Phil.  Mag.  S.  4.  vol.  iv.  p.  304. 
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Carnot's  proposition  ....  established,  on  a  new  foundation,  in 
the  dynamical  theory  of  heat.'^ 

Very  soon  after  the  publication  of  those  propositions,  appeared 
an  essay  by  Rankine  "  On  the  Reconcentration  of  the  Mechanical 
Energy  of  the  Universe"*,  wherein  a  view  was  stated  which  is 
in  opposition  to  them,  namely  that  by  concentration  of  the  heat- 
rays  the  lost  differences  of  temperature  might  be  restored.  I 
have  shown,  however,  in  a  special  memoirf,  that,  even  by  radia- 
tion, under  no  circumstances  can  heat  pass  from  a  cooler  into 
a  warmer  body  and  thereby  increase  an  existing  difference  of 
temperature. 

In  other  memoirs  I  have  endeavoured  to  reduce  to  a  definite 
quantity  the  universal  tendency  in  nature  to  transformation,  the 
value  of  which  quantity  can  only  alter  in  one  direction  and  not 
in  the  contrary.  In  a  memoir  in  1854f  I  introduced  a  quantity, 
N,  relative  to  any  circular  processes,  naming  it  the  uncompensated 
transformation,  and  defining  it  by  the  equation 

in  which  </Q  denotes  a  heat-element  given  out  by  a  variable  body 
to  a  heat-reservoir,  and  T  its  absolute  temperature.  1  showed 
that  the  quantity  N  can  only  he  positive,  while  0  forms  the  limit- 
ing value  relative  to  reversible  circular  processes. 

In  a  paper  that  followed  soon  after,  on  Steam-engines,  I  made 
use  of  the  same  quantity,  in  order  to  obtain — instead  of  the 
usual  determination  of  the  work  of  a  steam-engine,  in  which  the 
quantities  of  work  done  during  the  various  processes  are  singly 
determined  and  then  added  up — an  opposite  method,  in  which 
we  start  from  the  maximum  of  work,  and  then  deduct  from  it 
the  loss  of  work  occasioned  by  the  imperfections  of  the  process 
(incomplete  expansion,  vicious  space,  less  vapour-pressure  in  the 
cylinder  than  in  the  boiler,  &c.).     The  amount  of  heat  represent- 

where  Tq  signifies  a  temperature  (occurring  in  the  process)  at 
which  heat  is  given  out§. 

The  very  same  formula  is  developed  by  Tait  in  his  '  Sketch  of 
Thermodynamics,'  p.  100 ;  but  instead  of  quoting  it  as  mine,  he 
says : — "  This  is  Thomson's  expression  for  the  amount  of  heat 

*  Phil.  Mag.  S.  4.  vol.  iv.  p.  358. 

t  Pogg.  Ann.  vol.  cxxi.  p.  1  ;  and  Mechanical  Theory  of  Heat,  p.  290. 

+  Pogg.  Ann.  vol.  xciii.  p.  499;  Phil.  Mag.  S.  4.  vol.  xii.  p.  81  ;  Me- 
chanical Theory  of  Heat,  p.  127. 

§  Pogg.  .4m«.  vol.  xcvii.  p.  452;  Phil.  Mag.  S.  iv.  vol.  xii.  p.  241  ;  Me- 
chanical Theory  of  Heat,  p.  146. 
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dissipated  during  the  cycle."  The  place  which  he  cites  as  that 
ill  which  Thomson  had  given  this  expression  is  the  above-men- 
tioned article  "On  a  Universal  Tendency"  &c.*  But  in  that 
article  there  is  neither  the  above-quoted  nor  any  equivalent  ex- 
pression ;  in  it  altogether  only  four  formulae  occur,  which  are 
totally  diflPerent.  Therefore  l\Ir.  Tail's  assertion  and  the  accom- 
panying citation  are  to  me  inexplicable. 

In  a  later  memoirf  I  carried  the  considerations  to  still  greater 
completeness.  The  above  proposition  on  uncompensated  trans- 
formations, which  by  omitting  the  symbol  N  can  be  written 


J 
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referred  only  to  circular  processes.  I  now  endeavoured  to 
obtain  a  quantity  valid  for  any  alteration  of  a  body,  and  whose 
value  can  only  change  in  one  direction.  For  this  purpose,  to 
the  hitherto  considered  two  sorts  of  transformation  (viz.  the  trans- 
formation of  work  into  heat  and  vice  versa,,  and  the  passage  of 
heat  from  a  warmer  into  a  cooler  body  and  vice  versa)  I  added  a 
third  relative  to  the  change  of  state  of  a  body,  and  represented 
by  the  quantity  Z;  this  I  named  the  disgregation  of  the  body. 
With  the  aid  of  this  quantity  and  H,  denoting  the  heat  actually 
present  in  the  body,  I  was  able,  in  place  of  the  above  relation, 
to  construct  the  following  more  general  one  : — 


It  was  the  sum 


ffitiSSn-i^jOj. 
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for  which  I  introduced  the  name  entropy  of  the  body§.  By  ap- 
plying this  new  idea  I  was  able  to  express  the  tendency  of  nature 
to  transformation,  more  completely  and  definitely  than  it  had  hi- 
therto been  expressed  by  any  one,  in  the  short  proposition  : — 
The  entropy  of  the  universe  tends  to 'a  maximum. 

From  the  foregoing  it  will  be  sufficiently  evident  that  the  theory 
of  the  dissipation  of  energy,  or  entropy,  was  not  developed  by 
Thomson  alone,  but  that  I  had  an  essential  share  in  its  develop- 
ment.    How  novel  my  treatment  of  the  subject  was,  compared 

*  riill.  Mag.  S.  4.  vol.  iv.  p.  304;  and  Proc  R.  S.Ediub.  18r)2. 

t  I'opg.  Ann.  vol.  c.\vi.  (iHfi^)  p.  73  ;  Phil.  Mag.  S.  4.  vol.  .\xiv.  pp.81 
&  201  ;  Mechanical  Theory  of  Heat,  p.  215. 

X  Pogg. /1/m.  vol.  cxvi.  p.  101^;  Mecliaiiical  Theon  of  Ilcat,  p.  24/. 

§  Pogg.  i4n».  vol.  c.\xv.  (ISC'))  p.  390;  Mechanical  Thcorv  of  Ileat, 
p.  357. 
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with  every  thing  up  to  that  time  existing,  is  clear  e._^.  from  this, 
that  Tait,  in  his  work  (p.  Ill),  when  speaking  of  the  memoir 
above  mentioned,  in  which  I  amplified  the  considerations,  says  : — 
"Clausius  has  adopted  an  extremely  different  mode  of  attacking 
questions  as  to  the  effect  produced  by  heat  upon  a  substance." 

XIV.  On  the  Influence  of  Gas-  and  Water-pipes  in  determining  the 
Direction  of  a  Discharge  of  Lightning.     By  Henry  Wilde, 

Esq.^ 

ALTHOUGH  the  invention  of  the  lightning-conductor  is  one 
of  the  noblest  applications  of  science  to  the  wants  of  man, 
and  its  utility  has  been  established  in  all  parts  of  the  world  by 
the  experience  of  more  than  a  century,  yet  a  sufficient  number 
of  instances  ai'e  recorded  of  damage  done  by  lightning  to  build- 
ings armed  with  conductors  to  produce  in  the  minds  of  some  an 
impression  that  the  protective  influence  of  lightning-conductors 
is  of  but  questionable  value. 

The  destruction,  by  fire,  of  the  beautiful  church  at  Crumpsall, 
near  Manchester,  during  a  thunderstorm  on  the  morning  of  the 
4th  instant,  has  induced  me  to  bring  before  the  Society,  with  a 
view  to  their  being  known  as  widely  as  possible,  some  fncts  con- 
nected with  the  electric  discharge  which  have  guided  me  for 
some  years  in  the  recommendation  of  means  by  which  disasters 
of  this  kind  may  be  averted. 

For  the  proper  consideration  of  this  subject,  it  is  necessary  to 
make  a  distinction  between  the  mechanical  damage  which  is  the 
direct  effect  of  the  lightning  stroke,  and  the  damage  caused  in- 
directly by  the  firing  of  inflammable  materials  which  happen  to 
be  in  the  line  of  discharge. 

Instances  of  mechanical  injury  to  buildings  not  provided  with 
conductors  are  still  sufficiently  numerous  to  illustrate  the  terrific 
force  of  the  lightning  stroke,  and  at  the  same  time  the  ignorance 
and  indifference  which  prevail  in  some  quarters  with  respect  to 
the  means  of  averting  such  disasters ;  for  wherever  lofty  build- 
ings are  furnished  with  conductors  from  the  summit  to  the  base 
and  thence  into  the  earth,  damage  of  the  mechanical  kind  is  now 
happily  unknown. 

Even  in  those  cases  where  lightning-conductors  have  not  ex- 
tended continuously  through  the  whole  height  of  a  building,  or 
where  the  lower  extremity  of  the  conductor  has,  from  any  cause, 
terminated  abruptly  at  the  base  of  the  building,  the  severity  of 
the  stroke  has  been  greatly  mitigated,  the  damage  being  limited 
in  many  cases  to  the  loosening  of  a  few  stones  or  bricks. 

*  From  the  Proceedings  of  the  Literary  and  Philosophical  Society  of 
Manchester,  January  9,  18/2,     Communicated  by  the  Author. 

12 


116       Mr.  11,  VVildc  on  the  Injlucnce  of  Gaa-  and  ll'ater-jnpes 

The  ever  extending  introduction  of  gas-  and  water-pipes  into 
the  interior  of  buildings  armed  with  Hghtning-conductors  has, 
however,  greatly  altered  the  charaeter  of  the  proteetion  which 
they  formerly  afforded  ;  and  the  conviction  has  been  long  forced 
upon  nie  that,  while  buildings  so  armed  are  effectually  protected 
from  injury  of  the  mechanical  kind,  they  are  more  subject  to 
dauuige  by  tire. 

The  proximity  of  lightning-conductors  to  gas-  and  water-mains, 
as  an  element  of  danger,  has  not  yet,  so  far  as  1  know,  engaged 
the  attention  of  electricians;  and  it  was  first  brought  under  my 
notice  at  Oldham  in  1861,  by  witnessing  the  eflfects  of  a  light- 
ning discharge  from  the  end  of  a  length  of  iron  wire  rope, 
which  had  been  fixed  near  to  the  top  of  a  tall  factory  chimney, 
for  the  purpose  of  supporting  a  long  length  of  telegraph-wire. 
The  chimney  was  provided  with  a  ct)|)pcr  lightning-conductor 
terminating  in  the  ground  in  the  usual  manner.  In  close  proxi- 
mity to  the  conductor  and  parallel  with  it  the  wire  rope  descended, 
from  near  the  top  of  the  chimney,  for  a  distance  of  100  feet,  and 
was  finally  secured  to  an  iron  bolt  inserted  in  the  chimney  about 
10  feet  from  the  ground.  During  a  thunderstorm  which  oc- 
curred soon  after  the  telegraph-wire  was  fixed,  the  liglitning  de- 
scended the  wire  rope,  and,  instead  of  discharging  itself  upon 
the  neighbouring  lightning-conductor,  darted  through  the  air 
for  a  distance  of  16  feet  to  a  gas-meter  in  the  cellar  of  an  ad- 
joining cotton  warehouse,  where  it  fused  the  lead-pipe  connexions 
and  ignited  the  gas.  That  the  discharge  had  really  passed  be- 
tween the  end  of  the  wire  rope  and  the  lead-pipe  connexions  was 
abundantly  evident  from  the  marks  made  on  the  chimney  by  the 
fusion  and  volatilization  at  the  end  of  the  wire  rope  and  by  the 
fusion  of  the  lead  pipe.  As  the  accident  occurred  in  the  daytime, 
the  fire  was  soon  detected  and  promptly  extinguished. 

Another  and  equally  instructive  instance  of  the  inductive  in- 
fluence of  gas-pipes  in  determining  the  direction  of  the  lightning 
discharge  occurred  in  the  summer  of  1863,  at  St.  Paul's  Churci), 
Kersal  Moor,  during  divine  service.  To  the  outside  of  the  spire 
and  tower  ot  this  church  a  copper  liiihtning-conductor  was  hxed, 
the  lower  extremity  of  which  was  extended  under  the  soil  for  a 
distance  of  about  "ZQ  feet.  The  lightning  descended  this  con- 
ductor, but,  instead  of  passing  into  the  earth  by  the  path  pro- 
vided for  it,  struck  through  the  side  of  the  tower  to  a  small  gas- 
pipe  fixed  to  the  inner  wall.  The  point  at  which  the  lightinng 
left  the  conductor  was  about  5  feet  above  the  level  oftbc.  ground, 
and  the  thickness  of  the  wall  pierced  was  about  4-  feet;  but 
beyond  the  fracture  of  one  of  the  outer  stones  of  the  wall  and 
the  shattering  of  the  plaster  near  the  gas- pipe,  the  builduig  sus- 
tained no  injury. 
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That  the  direction  of  the  electric  discharge  had  in  this  case 
been  determined  by  the  gas-pipes  which  passed  under  the  tloor 
of  the  church,  was  evident  from  the  fact  that  the  watches  of 
several  members  of  the  congregation  who  were  seated  in  the  vi- 
cinity of  the  gas-mains  rtere  so  strongly  magnetized  as  to  be 
rendered  unserviceable. 

The  church  at  Crumjjsall  is  about  a  mile  distant  from  that  at 
Kersal  Moor ;  and  the  ignition  of  the  gas  by  lightningj  which 
undoubtedly  caused  its  destruction^  is  not  so  distinctly  traceable 
as  it  is  in  other  cases  which  have  come  under  my  observation, 
because  the  evidences  of  the  passage  of  the  electric  discharge 
have  been  obliterated  by  the  fire.  From  information,  however, 
communicated  to  me  by  the  clerk  in  charge  of  the  building  as 
to  the  arrangement  of  the  gas-pipes,  the  most  probable  course 
of  the  electric  discharge  was  ultimately  found. 

The  church  is  provided  with  a  copper  lightning-conductor, 
which  descends  outside  the  spire  and  tower  as  far  as  the  level  of 
the  roof.  "  The  conductor  then  enters  a  large  iron  down-spout, 
and  is  carried  into  the  same  drain  as  that  in  which  the 
spout  discharges  itself.  Immediately  under  the  roof  of  the 
nave  and  against  the  wall,  a  line  of  iron  gas-pipe  extended  par- 
allel with  the  horizontal  lead  gutter  which  conveyed  the  water 
from  the  roof  to  the  iron  spout  in  which  the  conductor  was  en- 
closed. This  line  of  gas-piping,  though  not  in  use  for  some 
time  previous  to  the  fire,  was  in  contact  with  the  pipes  connected 
with  the  meter  in  the  vestry,  where  the  fire  originated,  and  was 
not  more  than  three  feet  distant  from  the  lead  gutter  on  the 
roof.  As  no  indications  of  the  electric  discharge  having  taken 
place  through  the  masonry  were  found,  as  in  the  case  of  the 
church  at  Kersal  Moor,  it  seems  highly  probable  that  the  light- 
ning left  the  conductor  at  the  point  where  the  latter  entered  the 
iron  spout,  and  by  traversing  the  space  between  the  leaden  gutter 
and  the  line  of  gas -piping  in  the  roof  found  a  more  easy  path  to 
the  earth  by  the  gas-mains  than  was  provided  for  it  in  the  drain. 

In  my  experiments  on  the  electrical  condition  of  the  terrestrial 
globe*,  I  have  already  directed  attention  to  the  powerful  influ- 
ence which  lines  of  metal,  extended  in  contact  with  moist  ground, 
exercise  in  promoting  the  discharge  of  electric  currents  of  com- 
paratively low  tension  into  the  earth's  substance,  and  also  that 
the  amount  of  the  discharge  from  an  electromotor  into  the  earth 
increases  conjointly  with  the  tension  of  the  current  and  the 
length  of  the  conductor  extended  in  contact  with  the  earth.  It 
is  not,  therefore,  surprising  that  atmospheric  electricity,  of  a  ten- 
sion sufficient  to  strike  through  a  stratum  of  air  several  hundred 
yards  thick,  should  find  an  easier  path  to  the  earth  by  leaping 
*  Philosophical  Magazine,  August  1868. 
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from  a  lightning-conductor  through  a  few  feet  of  air  or  stone  to 
a  great  system  of  gas-  and  water-mains,  extending  in  large  towns 
for  miles,  than  by  the  short  line  of  metal  extended  in  the  ground 
which  forms  the  usual  termination  of  a  lightning-conductor. 

It  deserves  to  be  noticed  that  in  the  cases  of  lightning  dis- 
charge which  I  have  cited,  the  lightning-conductors  acted  efti- 
eiently  in  protecting  the  buildings  from  damage  of  a  mechanical 
nature,  the  trilling  injury  to  the  church  tower  at  Kersal  Moor 
being  directly  attributable  to  the  presence  of  the  gas-pipe  in 
proximity  to  the  conductor.  Nor  would  there  have  been  any 
danger  from  fire  by  the  ignition  of  the  gas  if  all  the  pipes  used 
in  the  interior  of  the  buildings  had  been  made  of  iron  or  brass 
instead  of  lead ;  for  all  the  cases  of  the  ignition  of  gas  by  light- 
ning which  have  come  under  my  observation  have  been  brought 
about  by  the  fusion  of  lead  pipes  in  the  line  of  discharge.  The 
substitution  of  brass  and  iron,  wherever  lead  is  used  in  the  con- 
struction of  gas-appuratus,  would,  however,  be  attended  with 
great  inconvenience  and  expense,  and  moreover  would  not  avert 
other  dangers  incident  to  the  disruptive  discharge  from  the  con- 
ductor to  the  gas-  and  water-pipes  within  a  building.  I  have 
therefore  recommended  that  in  all. cases  where  lightning-conduc- 
tors are  attached  to  buildings  fitted  up  with  gas-  and  watei*-j)ij)es, 
the  lower  extremity  of  the  lightning-conductor  should  be  bound 
in  good  metallic  contact  with  one  or  other  of  such  pipes  outside 
the  building.  By  attending  to  this  precaution  the  disruptive 
discharge  between  the  lightning-conductor  and  the  gas-  and 
water-pipes  is  prevented,  and  the  fusible  metal  pipes  in  the  in- 
terior of  the  building  are  placed  out  of  the  inHuence  of  the  light- 
ning discharge. 

Objections  have  been  raised  by  some  corporations  to  the  esta- 
blishment of  metallic  connexion  between  lightning-conductors  and 
gas-mains,  on  the  ground  that  damage  might  arise  from  ignition 
and  explosion.  These  objections  are  most  irrational,  as  gas 
will  not  ignite  and  explode  unless  mixed  with  atmospheric  air, 
and  the  passage  of  lightning  along  continuous  metallic  conduc- 
tors will  not  ignite  gas  even  when  mixed  with  air.  Moreover,  in 
every  case  of  the  ignition  of  gas  by  lightning,  the  discharge  is 
actually  transmitted  along  the  mains,  such  objections  notwith- 
standing. A  grave  responsibility  therefore  rests  upon  those 
who,  after  introducing  a  source  of  danger  into  a  building,  raise 
obstacles  to  the  adoption  of  measures  for  averting  this  danger. 
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XV.  Eledrodynanic  Measurements,  By  Professor  Wilhelm 
Weber. — Sixth  Memoir;  relating  specially  to  the  Principle  of 
the  Conservation  of  Energy. 

[Couoliuled  from  p.  20.] 

8.  On  the  Movement  of  two  Electrical  Particles  in  consequence  of 

their  action  on  each  other. 

THE  fundamental  electrical  law  determines  the  action  exerted 
by  any  given  particle  upon  another  under  any  circum- 
stances. The  simplest  and  most  obvious  application  that  can 
be  made  of  this  law,  would  seem  to  be  to  develope  the  laws  of 
the  motion  of  two  particles  which  act  mutually  upon  each  other. 
Greater  practical  interest,  however,  attached  to  the  determina- 
tion, in  the  first  place,  of  the  laws  of  the  distribution  of  electri- 
city at  rest  upon  conductors,  and  of  the  laws  of  the  forces  exerted 
by  a  current  of  electricity  in  a  closed  conductor,  by  reason  of  the 
current  existing  in  another  conductor,  upon  this  latter  conductor 
itself — as  well  as  to  the  development  of  the  laws  of  the  (electro- 
motive) forces  exerted  by  closed  currents  (or  by  magnets)  on  the 
electricity  in  closed  conductors — inasmuch  as  the  results  of  these 
developments  admitted  of  being  directly  tested  and  confirmed 
by  experiment.  But  although  this  important  practical  interest 
is  wanting  to  the  development  of  the  laws  of  motion  of  two  par- 
ticles subject  only  to  their  mutual  action,  many  of  its  results 
cannot  fail  to  merit  attention  in  other  respects. 

The  interest  which  belongs  to  these  results  relates  indeed 
specially  to  the  molecular  movements  of  two  particles,  movements 
which  are  shut  out  from  all  direct  experimental  investigation,  so 
that  there  is  no  authority  for  the  application  to  them  of  the  law 
that  has  been  established,  so  far  as  it  is  regarded  as  an  experi- 
mental law.  Consequently  the  development  of  the  laws  of  the 
molecular  movements  of  two  particles  in  accordance  with  the  law 
that  has  been  established  must  be  considered  only  as  an  attempt 
to  find  a  clue  to  the  theory  (which  as  yet  we  are  entirely  without) 
of  these  movements — a  clue  which  by  itself  is  certainly  not 
sufficient,  but  is  still  in  need  of  being  supplemented  in  essential 
respects.  For  so  long  as  the  molecular  forces  acting  only  at  mo- 
lecular distances,  which  doubtless  cooperate  in  the  molecular 
movements,  are  not  known  and  taken  exact  account  of,  the  results 
that  may  be  acquired  cannot  have  any  exact  quantitative  appli- 
cation, but  only  a  qualitative  value  within  certain  limits,  and 
can  be  of  consequence  only  for  a  first  reconnaissance  of  the 
territory. 

9.  Motion  of  two  Electrical  Particles  in  the  direction  of  the  straight 

line  ivhich  joins  them. 
For  two  particles,  e,  e',  moving  simply  in  consequence  of  their 
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mutual  action,  we  have,  according  to  the  fundamental  laws  of 
Section  4,  by  putting 

^/l        \\e(J  1     €e'      dr^  1    ee' 

and  also  giving  a  negative  sign  to  U  and  V,  so  as  to  denote 
thereby  the  potentials, 


and  therefore 


\e       e/cc 

e  +  e'  "d?"^  2  e  +  e' 

r  \e       e'/cc  r  \cc    di^        ) 


,^      1    ee'       dr'^  _  1     ee' 


If  there  is  no  motion  of  rotation  of  the  particles  about  each 

\    dW  . 
other  in  space,  -  •  -jy  is  the  acceleration  of  the  particle  e  in  the 

1   dY  . 
direction  of  r,  and  j"  ^  is  the  acceleration  of  the  particle  e'  in 

the  opposite  direction.     Hence  the  relative  acceleration  of  the 
two  particles  becomes 

ddr  _  /I       \\dY 
dt^  ~  \e  "^  e'/  rfr  ' 

and  from  this,  by  integrating  between  the  limits  r—r^  and  r  =  r 

dr 
(tTq  denoting  the  value  of  r  for  the  moment  when   — =m  =  0), 

/I       1\  ee^ 
since  p  was  made  =21  -  +  -. )  — >  we  obtain 

^  \e       e'/  cc 

(/,.2  r—r^    p 

dt^  r — p     ?Q 

—  has  always  a  positive  or  negative  value  differing  from  no- 

/ 1       1  \  ee' 
thing;  for  p  =  2(  -  +  j  J  —  bas  a  given  finite  although  very  small 

value,  which  is  positive  or  negative  according  as  ee'  is  positive 

r 
or  neiirative  :  and  ?•„=  ^^^^^^^  has  also  a  positive  or  nega- 
°  uu    r—p  ^ 

r+ ^ 

cc       p 

tive  value  differing  from  nothing,  since  the  initial  values  of  r 
and  uu,  by  which  /q  is  to  be  determined,  must  be  considered  as 
positive  measurable  quantities  to  be  determined  by  experiment. 
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When  —  is  positive  because  both  numerator  and  denominator 

are  positive,  all  the  movements  are  confined  to  the  distances  out- 
side the  interval  pr^,  and  are  divisible  into  movements  at  a  dis- 
tance and  molecular  movements  which  are  separated  from  each 
other  by  the  interval  prQ. 

But  if  -  is  positive  because  numerator  and  denominator  are 

both  negative,  the  movements  extend  to  all  possible  distances, 
since  the  interval  prg  then  lies  outside  all  possible  distances. 

When  —  is  negative,  in  which  case  the  interval  pr^  lies  partly 

outside  and  partly  within  the  possible  distances,  all  the  move- 
ments are  confined  to  the  part  of  the  interval  prQ  lying  within 
possible  distances ;  and  if  p  is  positive  and  r^  negative,  they  are 
molecular  movements. 

From  this  it  follows,  when  p  and  Tq  are  positive,  that,  in  the 
first  place,  no  transition  from  movements  at  a  distance  to  molecular 
movements  takes  place ;  secondly,  that  uu  always  remains  less 
than  cc,  if  it  was  smaller  at  first;  and  thirdly,  that  when  uu  is 
less  than  cc,  r  and  rg  are  (both  at  once)  either  greater  or  less 
than  p. 

If  we  keep  merely  to  experience,  some  of  these  relative  move- 
ments of  the  two  particles  may  be  left  entirely  out  of  account, 
for  it  is  evident  that  infinitely  great  relative  velocities  are  never 

1     dr'^  . 
met  with  in  reality;  on  the  contrary,  —  Jl  ^^  almost  always  to 

be  considered  a  very  small  fraction. 

This  limitation,  derived  from  the  nature  of  things,  is  also  tacitly 

ee'  /  1     dr^        \ 
assumed  when  V=— (— '-r^— li    is  taken  as  the  potential, 
r  \cc    dt^        ) 

since  this  must  be  =0  for  an  infinitely  great  value  of  r.     For 

di  .        .  .      e^  / 1    di  \ 

if  -j^  were  infinitely  great, the  expression  —  [ —  lii  ~^]  might 

have  a  value  differing  from  nothing  even  for  infinitely  great 

values  of  r. 

dr 
But  if  the  value  of  -y-^  is  never  infinitely  great,  there  must  be 

a  finite  value  which  -^  never  exceeds.     We  may  assume  cc  as 

such  a  value. 

Presupposing  this  limitation  of  the  relative  velocities,  r^  is 
always  positive ;  and  for  every  value  of  r^  there  exists  only  a 
single,  always  continuous  series  of  corresponding  values  of  r  and 
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-■  and 

dt'^ '  when  p  is  positive  and  r^  is  >p, 

the  corresponding  values  of  r  and  -7-5  extend  from  r  —  rQ  to  ;•=  00 

and  from  j^  =0  to  -^3  =  — .  The  movements  are  in  this  case 
movements  at  a  distance. 

K  p  is  positive  and  r^Kp,  or  if  p  is  negative, 

the  corresponding  values  extend  from  r  =  7-Q  to  r=0,  and  from 

rg  ="  to  -rz=cc.     In  the  nrst  case,  when  p  is  positive  and 

ro<p,  and  likewise  in  the  second  case,  when  p  is  negative  and 
^o'^Pf  ^^^  movements  are  molecular  movements-,  but  if,  in  the 
second  case,  Tq  is  >  p,  the  movements  are  partly  movements  at  a 
distance  and  partly  molecular  movements. 

Hence,  with  the  above  limitation  of  the  movements,  we  obtain 
for  two  particles  e,  e',  moving  solely  in  consequence  of  their  re- 
ciprocal action,  if  there  is  no  motion  of  rotation  of  the  particles 
about  each  other  in  space,  the  following  equation  of  motion, 
namely, 

uu  _  r—r^     p 


in  which  u  is  put  =^-r,  and  where  p  has  a  value  that  is  given  by 

the  particles  e,  e',  their  masses  e,  e',  and  the  constant  c,  and  Vq 
denotes  a  constant  to  be  determined,  according  to  this  very 
equation,  by  the  initial  value  of  r  (which  must  be  positive  and 
not  equal  to  p,  but  otherwise  may  be  any  thing  whatever)  and 
the  initial  value  of  uu  (which  must  be  positive  and  less  than  cc, 
but  otherwise  may  be  any  thing  whatever). 

10.   Two  states  of  aggregation  of  a  system  of  two  particles  of  the 

same  kind. 

For  two  like  particles  the  value  of  p  is  positive.  And  since, 
moreover,  for  every  value  of  r  the  relative  velocity  n  may  have 
two  equal  but  oj)posite  values,  the  value  of  r  may,  in  accordance 

with  the  above  equation  —  = ^  •  —} 

cc        r—p     Tq 

either  at  first  decrease  from  r=x  to  /•  =  /-o,  u  at  the  same  time 

increasing  from  u=—c\/P-  tow  =  0,  and  afta-wards 
^    '0 
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r  may  increase  again  from  r  =  rQ  to  r  =  x  ,m  at  the  same  time 
increasing  from  m  =  0  to  m=  +c\/  — ; 

or  rmay  at  first  decrease  from  r=^rQ  to  ?-  =  0^  u  at  the  same 
time  decreasing  from  u  =  Q  to  u-=—c,  and  then  afterwards 
rmay  increase  from  r=0  to  r  =  rQ,  u  at  the  same  time  de- 
creasing from  u=  +c  to  u  =  0. 
It  is  easily  seen  that  in  the  first  case  the  motion  is  not  a  revert- 
ing one ;  for,  after  the  distance  r  has  diminished  from  any  given 
value  to  ?Q,  it  increases  again  without  limit ;  that  is,  it  never 
decreases  again.     In  the  latter  case,  on  the  other  hand,  the  mo- 
tion is  reverting,  for  the  distance  r  alternately  diminishes  from 
?-Q  to  0  and  increases  again  from  0  to  r^. 

There  seems  indeed  to  be  a  sudden  change  in  the  value  of  the 
velocity  u  from  — c  to  -\-c  at  the  moment  when  r=0;  but  no 
sudden  change  occurs  in  reality;  for,  when  r  vanishes,  —  c  de- 
notes the  same  velocity  as  +c  does  when  r  is  increasing  again 
from  zero. 

These  two  cases  of  motion  are  moreover  distinguished  from 
each  other  by  the  fact  that  no  transition  takes  place  from  one  to 
the  other;  for,  according  to  the  above  equation,  such  a  transi- 
tion, in  the  case  of  the  interval  prQ  or  TqP  could  only  occur  by  u 
taking  imaginary  values. 

Now  upon  this  separateness  of  the  two  kinds  of  motion  a  di- 
stinction may  be  founded  between  two  states  of  aggregation  of  a 
system  of  tivo  similar  jjarticles — that  is,  between  a  state  of  aggre- 
gation in  which  the  particles  can  only  move  at  a  distance  from 
each  other,  and  a  state  of  aggregation  in  which  they  can  take  part 
only  in  molecular  movements.  A  transition  from  the  one  state 
of  aggregation  to  the  other  cannot  take  place  so  long  as  both  par- 
ticles move  in  consequence  of  their  reciprocal  action  only. 

It  only  remains  to  be  noted  further,  that  it  has  been  here 
presupposed  that  the  two  particles,  considered  in  space,  possessed 
no  motion  except  in  the  direction  of  r;  but  in  the  next  section 
the  opposite  case  will  be  considered. 

11.  Motion  of  two  Electrical  Particles  which  move  in  space  with 
different  velocities,  in  directions  at  right  angles  to  the  straight 
line  joining  them. 

Let  a  denote  the  diflference  of  the  two  velocities  which  two 
electrical  particles  e  and  e*,  at  a  distance  r  from  each  other,  pos- 
sess in  space  in  a  direction  perpendicular  to  the  straight  line  r 

which  joins  them  ;  then  —  denotes  the  part  of  the  relative  acce- 
leration —  which  depends  upon  a. 
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If  we  deduct  this  part  —  from  the  total  acceleration  -^,  the 
r  at 

difference  r -5- j  expresses  that  part  of  the  relative  acce- 
leration of  the  two  particles  which  results  from  the  forces 
exerted  by  them   upon  each    other.      According   to  section  9 

this  latter  part  was  =(- -\-  —A  —  -^  and  hence  we  obtain  the  fol- 
lowing equation, 

du_aa.  _/l        1  WV 

(It        r  ~\e        e'/  dr 

Multiplying  this  equation  by  udt  =  dr,  we  get 

dr      f\       \\    dN  , 
udu  —  aa.  —  =  I  — h  -7  )  •  -y-  dr  : 
r       \e       e  /     dr 

and  hence,  by  integrating  from  the  instant  at  which  m  =  0,  the 
value  of  r  corresponding  to  this  instant  being  denoted  by  Tq, 

(J  +  j)(v-v„)=i»-r"?,;r, 


m 


which  V=  —  f 1)   and  \ ^^~ -,  but  where,  in  order 

to  perform  the  last  integration,  «a  must  be  represented  as  a 
function  of  r. 

Now  r .  etdt  is  the  element  of  surface  described  by  the  line  con- 
necting the  two  repelling  or  attracting  particles  while  they  move 
about  each  other  for  the  element  of  time  dt ;  and  for  equal  ele- 
ments of  time  dt  this  superficial  element  retains  always  the  same 
value,  vfhtinceradt  =  rQoiQdt.     Introducing  the  resultmg  value 


aa.  —  /'o?  QaQSto 


1 


in  the  last  member  of  the  above  equation,  and  carrying  out  the 
integration,  we  obtain  the  following  equation, 

\  e      ^  /  cc  \  n-Q        r     cc  /       cc         cc  rr       ' 

from  which,  by  putting  2(-  +  3)—  =p,  tlic  equation  of  motion 

uu  _  r-r^/p  ^  r-t-rp    aogpN 
cc       r—p  \  /v,  r  cc  ) 


we  get 
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is  obtained.     Putting  this  value  of  —  into  the  equation 

r  \cc         y 

r  \r—p  V  Tq  r  cc  J         /' 

dN_^e^^    r^-p   _      ee'      A/g     o  P")  Vo'j  «o«o, 
dr         r     (r — p)^       (? — p)^  \        V  /•/   rr  /    cc 

13. 

According  to  the  last  section,  there  exists  an  equation  between 
the  relative  velocity  u  and  the  relative  distance  r  of  two  particles 
moving  anyhow  in  space  under  the  action  of  their  reciprocal 
forces,  namely  the  equation 


uu  ^  r-rp/p  _^  r  +  Vp  «o«o\ 
cc       r—p  \rQ  r        cc  / 


in  which  p  denotes  a  constant  that  is  positive  for  two  similar  par- 
ticles, and  negative  for  two  dissimilar  particles. 

Now  from  this  there  follow  results  relative  to  the  free  motions 
of  two  particles  in  space,  which  move,  under  the  influence  of  their 
own  reciprocal  action,  with  unequal  velocities  in  a  direction  per- 
pendicular to  the  straight  line  joining  them,  quite  similar  to 
those  arrived  at  in  relation  to  the  motions  considered  in  section  10 
m  the  direction  of  the  straight  line  r.  There  results,  in  fact,  in 
this  case  also,  a  distinction  between  two  states  of  aggregation 
for  two  similar  particles — namely,  a  state  of  aggregation  in  which 
the  two  particles  move  in  such  a  way  as  to  return  periodically 
into  the  same  position  relatively  to  each  other,  and  a  state  of 
aggregation  in  which  the  two  particles  move  so  as  to  become 
always  more  and  more  distant  from  each  other  and  never  return 
to  the  same  position.  No  transition  from  one  state  of  aggrega- 
tion to  the  other  takes  place  so  long  as  the  two  particles  move 
only  under  the  influence  of  their  own  reciprocal  forces. 

13. 

A  rotation  of  the  two  particles  about  each  other  implies  the 
existence  of  a  certain  attracting  force  if  the  two  particles  are  to 
remain  at  a  constant  distance  from  each  other  during  this  rota- 
tion ;  and  this  attracting  force  required  for  the  rotation  increases, 
for  the  same  distance,  according  to  the  square  of  velocity  of  ro- 
tation. According  to  this,  one  would  expect  that,  for  two  similar 
electrical  particles  at  a  distance  rQ<p  (at  which  they  attract  each 
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other),  there  would  be  always  a  certain  velocity  of  rotation  Uq 
for  which  the  attracting  force  required  by  the  rotation  should  be 
equal  to  the  attracting  force  resulting  from  the  reciprocal  action 
of  the  two  particles,  so  that  the  two  particles  rotating  about 
each  other  would  remain,  for  this  velocity  of  rotation,  at  the 
same  distance  Tq.  This,  however,  is  not  the  case,  since  the 
attracting  force  resulting  from  the  reciprocal  action  of  the  two 
particles  depends  not  only  upon  the  distance  r^,  but  also  upon 
the  velocity  of  rotation  Uq,  and  increases  with  the  latter  in  such 
a  manner  that  it  always  remains  greater  than  the  attracting  foi'ce 
required  by  the  rotation,  so  that  with  any  such  rotation  there  is 
always  involved  a  mutual  approach  of  the  two  particles. 

It  follows  indeed  easily  that,  in  the  case  of  two  similar  par- 
ticles e  and  e',  when  p  has  2l  positive  value  and  7'  =  ?'q,  and  con- 

dii 
sequently  m=0,  there  is  no  value  of  Uq  for  which  —  =0,  as  must 

be  the  case  if  the  two  particles  are  to  remain  at  an  invariable 
distance  r^.  For  when  r  =  rQ,  it  results  from  the  equation  at 
the  end  of  section  1 1  that 

dr       rQ[rQ—p)\  cc  J 

and  from  this  it  further  follows,  since 

du      ««  _  /"I       1  WV  _  p  cc     rf V 

dt        r  ~  \e       eV  dr  ~  ^  ce'     dr 

that 

dM_  1      cc     /p     ^  ^«o«o\ 

dt      2  rQ—p\rQ  cc  J* 

du 
whence  y-  can  be  equal  to  nothing  only  when 

2ro 

which  for  a  positive  value  of  p  (that  is,  when  e  and  e'  are  of  the 
same  kind)  is  impossible. 

It  follows  further  that,  in  the  case  of  two  similar  particles,  if 

r=rQ,   r-  is  t\i\iQX positive  or  negative,  according  as  rQ>pox  r^^p. 

Consequently  the  two  particles  separate  always  to  a  greater  and 
greater  distance  from  each  other  when  ?-  =  ?-Q>p,  and  approach 
always  nearer  to  each  other  when  r  =  rQ<p,  whatever  value  a^ 
may  have. 

It.   On  the  Time  of  Oscillation  of  an  Electrical  Atomic  Pair. 
Two  similar  electrical  particles  at  a  distance  ?o<p  from  each 
other  (at  which  their  relative  velocity  =0)  do  not  remain  at  this 


«0«0="~   n~^^' 
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distance,  but  approach  each  other  from  r=ro  to  r=0  with  a  velo- 

/  X  T  V  OL   OL  1    \ 

city  which  increases  from  M  =  Otou  =  ^ /f  cc+  "  "  °  '^ .  -  j— that 

is  to  say,  becomes  infinite,  if  the  velocity  of  rotation  u^  differed 
from  nothing  for  the  instant  at  which  r—r^.  From  this  it  fol- 
lows that  the  interval  of  time  C^  in  which  the  two  particles  ap- 
proach each  other  from  the  distance  r=ro  to  r=0  has  a  finite 
value.  The  fact  that  for  the  instant  at  which  r  becomes  equal 
to  0  the  value  of  the  relative  velocity  of  the  two  particles  becomes 


signifies  here  only  that  this  relative  velocity  is  to  be  henceforward 
taken  as  a  velocity  of  separation  =  +  go  ,  whereas  it  was,  up  to 
this  point,  a  veloctiy  of  approach  =  —  x  .  This  being  premised, 
it  easily  follows  that,  in  a  second  equal  interval  of  time  ©,  the 
two  particles  will  separate  from  each  other  again  from  the  dis- 
tance 7'=0  to  the  distance  r  =  ?Q.  The  interval  of  time  20,  in 
which  the  two  particles  approach  each  other  with  increasing  ve- 
locity from  the  distance  r^^r^  to  r  =  0  and  then  separate  again 
from  the  distance  ?-  =  0  to  r-=rQ,  may  be  called  the  time  of  oscil- 
lation  of  the  atomic  pair  formed  of  the  two  electrical  particles. 

There  still  remains  the  problem  of  determining  the  time  of  os- 
cillation 20  of  such  an  atomic  pair. 

This  time  of  oscillation  can  be  readily  deduced  from  the  equa- 
tion 

cc       r—p  \rQ  r         cc  J' 

if  it  be  assumed  that  therein  Tq  is  not  greater  than  p. 

For  if  we  first  consider  the  limiting  case  in  which  r^  —  p,  it 
follows  from  the  above  equation  that 

uu  —  cc-\-  UqUq  +  pciQctQ .  -  ; 


r 


and  hence,  putting  u=  -t- 
dt 


=  —dr\/ J 


From  this  we  obtain,  by  integration. 


0=-rV;-./ 


Accordingly  we  get : — 
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ov,  for  small  values  of  — > 
c 

e=^fi-^^iog^Y 

C\  CC  Aq/ 

If  we  next  confine  ourselves  to  the  consideration  of  small  oscil- 

V 

lotions  (that  is  to  say,  those  for  which  —  is  very  small),  it  results 

from  the  above  equation,  when  ?o  and  r  are  taken  as  vanishingly 
small  compared  with  p,  that 


uu=    "  "  "  " ^cc- 

P  '" 


whence,  putting  u=  -j-j 


cdt=  —dr 


/. 


V  !V:o«o«o  ^r-(--^  ^'^^\  rr 
pec  Kxq       pec ) 


which  leads  to  an  elliptic  integral.     For  vanishing  values  of  — , 
we  obtain 


cdt :=—dr\  /  ; 


whence  there  comes,  by  integration, 

1  C 
©=--i 


dr 2rQ 


\/0-r.)    ' 


When,  as  has  been  assumed,  r  is  <  p,  Tq  may  be  called  the 
amplitude  of  oscillation  ;  and  it  follows  that,  for  small  values  of 

—  and  for  small  amplitudes  of  oscillation,  the  time  of  oscillation 
c 

2B  of  an  electrical  atomic  pair  is  proportional  to  the  ani])litude 

of  oscillation  r^y    But  the  factor  with  which  j-q  must  be  multiplied 

4 

in  order  to  give  2B,  though  a  constant  =  -  for  small  amplitudes, 

2 
diminishes  for  greater  amjditudcs,  and  becomes  =  -  for  the  am- 
plitude r=p. 
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If  we  put  c=  139450  .  lO^  ^"]il^]^'«  it  follows  from  this  last 
'  second 

determination  that  the  value  of  p  must  lie  approximately  between 

—J — .  and  , — 5 —  of  a  millimetre  in  order  that  these  oscillations 

4  0  0  0  8  0  00 

may  be  equal  in  rapidity  to  those  of  light. 

The  difference  of  the  electrical  particles  e,  e'  and  of  their 

masses  e,  e'  in  the  case  of  small  values  of  —  and  small  ampli- 

c 

tudes,  does  not  affect  the  oscillations  at  all;  and  in  the  case  of 

greater  amplitudes  it  affects  them  only  so  far  as  the  value  of  p 

depends  upon  it. 

15.  Applicability  to  Chemical  Atomic  Groups. 

The  distinction  between  two  or  more  states  of  aggregation  of 
bodies,  according  as  they  consist  of  simple  atoms,  or  of  atomic 
pairs,  or  of  groups  of  more  than  two  atoms,  has  acquired  great 
importance  in  relation  to  chemistry.  Now  one,  and  now  another 
state  of  aggregation  occurs  ;  and  in  many  chemical  processes  a 
transition  takes  place  from  one  to  another;  but  the  intermediate 
states  which  occur  in  the  case  of  such  transition  cannot  exist 
permanently,  and  those  states  of  aggregation  are  consequently 
completely  separate  from  each  other  di?,  permanent  states. 

Now  it  is  obvious  that  the  permanence  of  some  atomic  condi- 
tions, which  are  distinguished  as  special  states  of  aggregation, 
and  the  ivant  of  permanence  in  all  other  atomic  conditions,  may 
have  its  cause  in  the  laws  of  the  reciprocal  action  of  atoms — that 
is,  in  the  difference  between  the  forces  exerted  ujjon  each  other 
by  atoms  according  to  the  different  relations  in  which  they  may 
stand  towards  each  other.  The  cause  of  the  permanence  of 
some  atomic  states  and  of  the  want  of  this  permanence  in  others 
has  not  hitherto  been  recognized  in  the  laws  of  the  reciprocal 
action  of  atoms;  and  it  would  doubtless  be  difficult  to  succeed 
in  discovering  this  cause  in  such  laws  of  reciprocal  action  as  it 
has  hitherto  been  attempted  to  establish  and  to  assume  for  pon- 
derable atoms. 

The  question  consequently  presents  itself,  whether  the  cause 
of  the  permanence  of  certain  atomic  states  may  not  perhaps  be 
found  in  such  laws  of  mutual  action  as  have  here  been  esta- 
blished and  assumed  for  electrical  particles.  Hence  the  move- 
ments of  two  electrical  particles  under  the  influence  of  the  re- 
ciprocal action  assigned  to  them,  which  have  been  followed  out 
in  the  preceding  sections,  arc  of  interest  in  connexion  with  this 
point  also,  since  in  them  a  cause  has  been  really  discovered  upon 
which  the  existence  of  such  permanent  states  of  aggregation 
may  be  founded.     And  in  relation  to  this  it  is  to  be  specially 
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observed  that  the  same  forces  as  those  which  determine  the 
states  of  (Kjyrcgation  of  electricity  formed  by  siuiple  atoms  and 
by  atomic  pans,  may  possibly  also  determine  similar  states  of 
aggregation  of  ponderable  bodies.  For  in  the  general  distribution 
of  electricity  it  must  be  assumed  that  an  atom  of  electricity 
adheres  to  each  ponderable  atom.  Eut  if  atoms  of  electricity 
adhere  lirndy  to  ponderable  atoms,  nothing  will  be  altered  in  the 
relations  of  the  electrical  atoms  except  the  masses  which  have  to 
be  moved  by  the  forces  acting  on  the  electrical  atoms.  But  in 
the  preceding  developments  the  viasses  are  left  undetermined, 
and  are  simply  denoted  by  e  and  e';  while  the  electrical  par- 
ticles themselves,  to  which  the  masses  e  and  e'  belong,  are  de- 
termined, without  a  knowledge  of  the  values  e  and  e*,  by  the 
measurable  quantities  e  and  e'.  If  now  we  take  the  values  of  € 
and  e'  so  great  as  to  include  the  masses  of  the  ponderable  atoms 
adhering  to  the  electrical  atoms,  all  the  results  that  have  been 
arrived  at  in  reference  first  of  all  to  electrical  atoms  merely,  may 
also  be  applied  to  the  ponderable  atoms  combined  with  the  elec- 
trical stoms. 

16.   On  the  state  of  Aggregation  and  Oscillation  of  two  dissimilar 
Electrical  Particles. 

In  the  case  of  two  dissimilar  electrical  particles,  the  same 
equations  hold  good  as  in  the  ease  of  two  similar  particles, 
namely  those  of  section  1 1 ;  that  is  to  say, 


uu 
cc 


=  ^~^o  (p.  _^  ^  +  ^0 .  f!o^o\ 
r~p  \rQ  r         cc  J' 

r  {.r—p  \rQ  r  cc  )        J' 

^_      ee^       Vr^-p  _  f    __  Sr-2p  \a^-\ 

dr-  {r-p)^l    r^~       V  ,^    -^o'oj    ^^  J, 

where  p  —  2i-  +/)—  >  t^u;  only  difl'erence  is,  that  when  the 

particles  are  dissimilar  p  has  a  negative  value,  because  the  pro- 
duct ee'  is  negative.  Besides  these  equations  we  have  also  ar  =  aQ7Q 
(since  only  such  motions  are  considered  as  are  made  by  two  elec- 
trical ])artieles  under  the  action  of  their  own  reciprocal  action), 
whence  there  follows,  lastly,  the  equation 

du  _  \  pec  dV      ^o''o'''o'''o 


dt       2  ee'  '  dr  "^ 


Hence  it  results  that,  as  in  the  case  of  two  similar  electrical  par- 
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tides,  when  r=rQ, 

dr       rQ{ro-p)  K  cc  J' 

du^l     cc    fp  ^g«o«oy 
dt       ^^Q—pXr^  cc  ) ' 

and  that,  when  also  «(,=  a/  _  ^£f  (which  has  now  a  real  value, 

/I       \\e^. 
since  — p=  — 2  f  -  4- -  j —  is  positive  for  dissimilar  particles), 

^  =0j  according  to  which,  when   r  =  ?Q  and  «o  =  a/  — ^, 

the  two  particles  in  their  rotation  about  each  other  remain  alioays 
at  the  same  distance  {  =  r^  apart,  a  case  which  with  two  similar 
particles  cannot  occur  at  all. 

It  follows,  however,  further  from  the  equation 


uu  _  r-r^/p  _^  r  +  Tp  ci^\ 
cc       r—p  \?Q         r       cc  /' 


or,  when  we  put  n  for  the  constant  value  —  -O^-O— o  from  the 

pec 
following  equation. 


r  — 


p    uu 


a-)-K^D-]> 


p      cc 
that  besides  the  value  r^r^,  for  which  m  =  0  is  given,  there  is 

71?* 

in  general  also  another  value  of  r,  namely —,  for  which  like- 

Tq     n 

wise  M=0. 

These  two  values  of  r,  however,  for  which  m  =  0,  differ  from 

each  other  sometimes  to  a  greater  and   sometimes  to  a  smaller 

extent,  according  to  the  value  of  w;  and  when  w=  ^  (that  is  to 

say,  when  aQ=*  /  — ^),  they  coincide  completely;  and  it  is 

only  when  the  two  values  ofr  for  which  m  =  0  coincide  thus  that 
the  previously  mentioned  case  occurs,  for  which  we  have  at  the 

same  time  m=0  and  ;it  =  0  ;  and  consequently  the  two  particles, 

while  revolving  round  each  other,  remain  at  the  same  distance. 

In  all  other  cases  in  which  the  velocity  m  =  0  (as,  for  example, 
when  r=^2n—x,  where  x<n)   there  is  also  a  second  value  of  r 

— inthiscase2/iH , — for  which  also  the  velocity  w  =  0.     -;- 

n—x  •'  dt 

K2 
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has  then  a  positive  value  for  r  =  2n—x,  but  diminishes  and  be- 

comes  equal  to  nothing  between  r  =  %i—x  and  r  —  2n-\ — —  ; 

?2  7,'  dU/ 

so  that,  for  r  =  2.n-\ —,  -r  has  a  negative  value.     It  is  evi- 

n—x    at 

dent  from  this  that  repulsion  of  the  two  particles  takes  place 

from  r  =  2n—x  as  far  as  the  value  of  r  for  which  —  =0,  and 

vx 
attraction  from  this  point  as  far  as  r  =  2n+  — —  ,  and  conse- 

^  11  — X 

quently  that  the  two  particles  must  always  remain  in  oscillatory 
motion  relatively  to  each  other  within  the  indicated  limits. 

1 7.   On  Ampere's  Molecular  Currents. 

The  molecular  state  of  aggregation  of  two  dissimilar  electrical 
particles  that  Las  just  been  described,  namely  that  in  which  the 
distance  of  the  two  particles  alternately  increases  and  diminishes 
between  exactly  defined  limits  and  the  path  in  which  one  particle 
moves  about  the  other  becomes  a  circular  orbit  at  the  two  limits, 
is  deserving  of  closer  consideration,  especially  in  those  cases  in 
which  it  is  admissible  to  regard  one  of  the  particles  as  being  at 
rest  and  the  other  particle  as  moving  in  a  circle  about  the  first. 

The  relation  between  the  particles  in  respect  of  tiieir  partici- 
pation in  the  motion  depends  upon  the  ratio  of  their  masses  e 
and  e';  and,  according  to  section  15,  the  values  of  e  and  e'  must 
include  the  masses  of  the  ponderable  atoms  adhering  to  the 
electrical  atoms.  Let  e  be  the  positive  electrical  particle,  and 
let  the  negative  particle  be  equal  and  opposite  to  it,  and  let  it 
therefore  be  denoted  by  —c  (instead  of  by  t').  Now  let  a  pon- 
derable atom  adhere  to  the  latter  only,  whereby  its  mass  is  so 
much  increased  that  the  mass  of  the  positive  particle  becomes 
negligible  in  comparison.  The  particle  — e  may  then  be  re- 
garded as  being  at  rest,  and  the  particle  -f  e  alone  as  being  in 
njotion  around  the  particle  —e. 

The  two  dissimilar  ])aiticles,  when  in  the  molecular  state  of 
aggregation  that  has  been  described,  consequently  rej)rcsent  an 
Amperian  molecular  current ;  for  it  can  be  shown  that  they  cor- 
respond completely  to  the  assumptions  which  Ampere  made  in 
relation  to  the  molecular  currents. 

In  order  to  show  this,  let  us  develope  the  expression  for  the 
force  which  the  movincj  particle  e  exerts  upon  any  given  element 
of  a  current.  Let  ds'  denote  the  length  of  the  given  element  of 
current,  -\-ddii'  the  positive,  and  —e'da'  the  negative  electricity 
which  it  contains;  and,  lastly,  let  u'  denote  the  velocity  of  the 
positive   particle  +c'd^',   and  —u'  the  velocity  of  the   negative 
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particle  —e'ds.  Also,  let  r  denote  the  distance  of  the  element 
of  current  from  the  particle  e,  u  the  velocity  of  the  particle  e, 
X,  y,  z  the  coordinates  of  the  particle  e,  x' ,  ?/',  z'  the  coordinates 
of  the  element  of  current,  0  and  ©''  the  angles  which  the  di- 
rections of  u  and  u'  make  with  r,  and  e  the  angle  between  the 
directions  of  u  and  w'. 

Next,  let  the  general  expression  for  the  repelling  force  of  two 
electrical  particles  e  and  e'  at  the  distance  r,  namely 

be  transformed  as  follows  (see  Beer,  Einleitung  in  die  Elektro- 
statik,  die  Lehre  vom  Magnetismus  und  die  Electrodynamik, 
S.  251).     First,  let  the  equation 

rr=[x-a;')'^  +  {y-y'f^{z-zY 

be  differentiated  with  respect  to  the  time  t ;  we  then  get 

dr     ,         H^dx      dx'\      ,         ,Jdy      dy'\      ,         ,Jdz      dz'\ 

or  also 

r  -r-  =  riu  cos  ©  —  w'  cos  @') . 
dt 

By  a  second  differentiation  we  get 

df-        ddr_  _  /dx  _  dah^      /dy  _  djK^      fdz  _  d^ 

dt^'^'^'W~\di      ~dt)   '^\di~TtJ   '^[idt      ~dt) 

^^"^  ''Kdt^    ~d^r^y  ^v/2    'dF) 

^^      \dt'     di^r 

wherein 

(dx      dx'\^  ,  /dy      dy'\^  ,  /dz      dz\^       ./an, 

\di--dt)  ^[Tt-i)  +U-.¥)  ="'  +  "' -2""'^^^^- 

If  now  the  acceleration  of  the  one  particle,  whose  components 
are  -7-2,  -rJr'  ^l^>  ^^  denoted  by  N,  and  the  angle  which  its  di- 
rection makes  with  r  by  v,  and  in  like  manner  the  acceleration 

p  ,,        ,,  i.-  1        u  i.  ddx'    ddy'    ddz'   , 

01  the  other  particle,  whose  components  are  -—r^>  ~t^)  "T^>  "Y 

N',  and  the  angle   which  its  direction  makes  with  r  by  v',  we 

obtain 

x—x'/ddx       ddx'\      y—y'/ddy      ddy'\      z—z' /ddz      ddz'\ 

"V'XdF  ~  W)'^  '~V~  KdT^  ~  'dp' J  '^  "T~  \dF  "  ~dtO 

=  N  cos  V — N'  cos  v'. 
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The  substitution  of  these  values  gives 

2  ^  +2r  ^'  =2{u'^  +  u'^-  2uu'  cos  e)  +  2r(N  cos  v-  N'  cos  v'), 

3^  =3(mcos0-?/cos0)*. 

The  second  equation  subtracted  from  the  first  gives 

dv^  ddr 

—  j^+  2/-^2  =  2(m^  +  m'2 - 2mm'  cos  e)  — 3 (m  cos  S—u'  cos  0')^ 

+  2r(N  cos  J/— N' cos  v'), 

whence  the  general  expression  for  the  repelling  force  of  two  elec- 
trical particles  e  and  e'  at  the  distance  r,  namely 


rr  \        cc 


1  d)^      2d_dr\ 
cc  df"  "^  cc  dt^  r 


is  obtained  in  the  following  transformed  shape, 

= \cc  +  2(m^  +  m'^ — 2mm'  cos  e)  —  3  (m  cos  0  —  m'  cos  0)  ^ 

ccrr  . 

+  2r(N  cos  V  — N'  cos  v')] . 

By  substituting  for  the  particle  e'  the  positive  electricity  in 
the  given  element  of  current,  namely  +e'ds,  this  expression 
gives  the  repelling  force 

€6  uS 

rcc  +  2{M^  +  M'2— 2mm' cose)— 3(m  cos  0  —  m' cos  0')2 

+  2r(Nco8v— N'oosv*)]; 

but  by  putting  for  the  particle  e'  the  negative  electricity  in  the 
given  element  of  current,  namely,  —e'ds',  we  obtain  the  repelling 
force 

ee'ds' 

r— cc— 2  (m2  +  m'^  + 2mm' cose)  +3(mcos  0  +  m'cos©)^ 

ccrr 

— 2r(N  cos  j/  +  N'  cos  v')  ] , 

since  in  this  case  e  +  Tr,  0'  +  7r,  and  v'  +  tt  take  the  place  of  e, 
0',  and  J/*;  and  these  therefore  give  together  the  total  repelling 
force  between  the  moving  particle  e  and  the  whole  element  of 
current,  namely 

4^c'</i'' 

(3mm'  cos  ©  cos  0'— 2mu'cos  e— rN'  cos  ^^). 

ccrr 

The  repelling  force  between  the  stationary  particle  —e  and  the 
whole  element  of  current,  on  the  other  hand,  if  r  denotes  the 
distance  of  the  stationary  particle  — e  from  the  given  element  of 
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current,  is 

4ee'ds^      ^^,         , 

-i .  rJN'  cos  V, 

ccrr 

since  in  this  case  m  =  0.  But  the  difference  between  the  value 
given  to  r  here  and  that  assigned  to  it  previously  (namely  the 
distance  from  the  particle  +e,  in  motion  about  the  particle  — e^ 
to  the  given  element  of  current),  maybe  regarded  as  a  negligible 
fraction  of  r,  so  that  we  get,  for  the  repelling  force  exerted  by 
the  moving  particle  +e  and  stationary  particle  —e  together  upon 
the  element  of  current,  the  expression 

(3  cos  0  cos  &  —  2  cos  e)  .  uu'. 

ccrr 

If  we  were  to  put  in  place  of  the  moving  electrical  particle  +  e 
a  second  element  of  current,  the  positive  electricity  of  which, 
moving  with  the  velocity  +^u,  was  denoted  by  -f  ^r/s,  and  whose 
negative  electricity,  moving  with  the  velocity  —  |m,  was  denoted 
by  —eds,  we  should  obtain  for  the  mutual  repelling  force  of  the 
two  elements  of  current  the  value 

= '- (3  cos  0  cos  ©'—2  cos  e*) .  uu'; 

ccrr      ^ 

that  is  to  say,  the  same  expression  as  before,  if  ihe  electrical 
particle  previously  denoted  by  +e  (and  moving  with  the  velo- 
city w)  were  taken  as  equal  to  the  positive  electricity  contained 
in  the  second  element  of  current,  namely  -\-eds  (moving  with 
the  velocity  \u). 

It  follows  from  this  that  the  rotatory  motion  of  the  electrical 
particle  -\-e  about  the  stationary  particle  — e  replaces  a  circular 
double  current,  if  the  positive  electricity  contained  in  the  latter 
is  equal  to  +  e  and  moves  in  its  circular  orbit  with  half  the 
velocity  of  the  aforesaid  electrical  particle  +e,  and  if  also  the 
negative  electricity  contained  in  the  current  is  equal  to  —  e  and 
moves  with  the  same  velocity  as  the  positive  electricity  but  in 
the  opposite  direction. 

Hence  it  appears  that  an  electrical  particle  -\-e  moving  in  a 
circle  about  the  electrical  particle  —e  exerts  upon  all  galvanic 
currents  the  same  effects  as  those  assumed  by  Ampere  in  the 
case  of  his  molecular  currents. 

The  molecular  currents  assumed  by  Ampere,  however,  differ 
essentially  from  all  other  galvanic  currents  in  this  respect,  that, 
according  to  Ampere^s  assumption,  they  continue  without  elec- 
tromotive force ;  whereas  all  other  galvanic  currents,  in  accord- 
ance with  Ohm's  law,  are  proportional  to  the  electromotive  force, 
and  cease  when  the  electromotive  force  vanishes.     But  it  is  evi- 
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(lent  that  the  electrical  particle  +e,  spoken  of  above,  must  of  itself, 
without  electromotive  force,  continue  indefinitely  its  rotatory 
motion  about  the  particle  — e,  and  therefore  must  correspond 
entirely  with  the  molecular  currents  assumed  by  Ampere  in  this 
res})ect  also. 

We  accordingly  obtain  in  this  way,  as  a  deduction  from  the 
laivs  of  the  vwlecular  state  of  aggre(jation  of  two  dissimilar  elec- 
trical particles,  developed  in  the  preceding  section,  a  simple  con- 
struction for  the  molecular  currents  assumed  by  Ampere  without 
proof  that  their  existence  was  possible. 

18.  Movements  of  two  dissimilar  Particles  in  Space  under 
the  Action  of  an  Electrical  Seyregating  Force  (Scheidungskraft). 

If  TT  +  v  denotes  the  angle  which  the  direction  of  the  electrical 

segregating  force  makes  with  r,  and  a  denotes  the  magnitude  of 

the  relative  acceleration  of  the  two  particles  depending  upon  the 

segregating  force,  — a.cosu  and  a.sinu  are  the  components  of 

a, — the  former  expressing  the  part  of  the  relative  acceleration 

du 

-J-  which  is  dependent  on  the  segregating  force,  and  the  latter 

da. 
the  part  of  —  which  depends  on  the  same  force,  where  a  is  the 

difference  of  the  velocities  of  the  two  particles  in  a  direction  per- 
pendicular to  r.  It  is  presupposed  that  the  direction  of  the  se- 
gregating force  lies  in  the  plane  in  which  the  two  particles  rotate 
about  each  other. 

If  now  the^r*^  component,  namely  —a  .  cos  v,  as  the  part  of 

which    depends  upon    the   seyreyatiny  force,  and  also 
du 


dt  '.,..  •  „    „        .  .        .  J. 


as  the  part  of  -j  which  depends  upon  the  velociti/  a,  be  deducted 

^^  .       du  . 

from  the  total  acceleration  -7-,  the  difference 

dl 

/du  aoL\ 

(^_+,.cos.--j 

denotes  the  part  of  the  relative  acceleration  which  results  from 
the  force  which  the  two  particles  e  and  e' exert  upon  each  other, 
namely 

U'^'cV  dr~2  ee'*   dr' 
and  hence  the  following  equation  is  obtained : — 

du  aa.      p  cc      d\ 

-r-  +  a  .  cos  ?•  —        =  —  — .-  •  -7— 
dt  r        2  ee'      dr 

If  we  deduct  the  las/  component,  namely  a  .  sin  v,  as  the  part 


the  Princijjle  of  I  he  Conservation  of  Energy.  137 

da 
of  the  acceleration  —  vvljich  depends  upon  the  segregating  force, 

from  the  total  value  — ,  the  differi'nce  (-7-  —a  sin  v]  irivcs  tiiat 
cW  \dt  I  ^ 

part  of  the  total  acceleration  —r  which  results  from  the  existing 

motion  under  the  sole  influence  of  the  forces  exerted  upon  each  other 
by  the  two  particles.  Hut,  under  the  sole  influence  of  the  attract- 
ing or  repelling  forces  exerted  upon  each  other  by  the  two  par- 
ticles, the  element  of  surface  ardt,  described  in  a  given  element 
of  time  dt,  would  have  a  constant  value,  or   we   should   have 

dr         da.  ,  .  „     ,  ,        . 

a -J  4- r  —  =\J -^   hence   the  resultuig  part  or   the    acceleration 

da   , 

-;-  becomes 

_«  dr^^ 

r  dt  ' 

By  equating  this  part   with   the   above   diiference,  we  get   the 

equation 

da  .     "  a  dr 

—r  — a  sin  V  ■=. 7— 

dt  r  dt 

Besides  these,  we  have,  as  is  self-evident,  a' third  equation, 

,        adt 
dv=  — • 
r 

Accordingly,  for  the  four  variable  magnitudes  r,  u,  a,  v,  there 
are  the  following  three  equations : — 

««       pec    dY      du  ,- . 

''''''- -7  =  2e^''W-dt'    •     •     •     •     (^) 
adr      da 

''''''- Vdt^Tt' (^) 

^^  =  7- (3) 

Multiplying  equation    (1)   by   dr  =udt,   and  equation    (2)    by 

rdv  =  adt,  we  obtain 

,       uadr      pec      dY  ,  , 

a  cos  V  .dr =  p, — i  •  -7-  dr—vdu,     .     .      (4) 

r         Zee     dr  ^  ' 

uadr 

arsmv.dv =ada (5) 

r  ^  ' 

The  difference  of  these  two  equations  gives 

7/  \      pec     dY  ,  ,  , 

a  .  a{r  cos  v)  =  ^ — -,  •  -j-  dr—ada—udu.        .     .     (6) 
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Wc  also  get  from  (2)  and  (8), 

-2ar^.d  {cos  v)=d{ei^r^) (7) 

The  integration  of  the  differential  equation  (6)  gives,  after  mul- 
tiplying by  2  and  putting  V=  —  (— Ij, 

2ar  cos  v  =  ~  (  — •  —l]  —  au  —  uu+  const. ;    .     .      (8) 
and  from  this,  since  r  =  ;-Q,  a  =  ao,   and  cosi'=— 1  when  u  =  0, 


comes 


occ 
—  2a?-(j=  —  ^—^ —aoaQ+  const.       ...      (9) 

Equation  (9),  subtracted  from  equation  (8),  gives 

2ar  cos  v  +  2a?o  =  (  -  —  ljuu  +  pec  I— J  —  aa  +  UqUq.  (10) 

By  integrating  the  differential  equation  (7)  we  obtain,  after  divi- 
ding by  r-^, 

—2acosv= hoi > 

r  J    rr 

or,  multiplying  by  r, 

"  rw                           o     Cctudr  /,  ,v 

—  2«?' cos  ZJ  =  aa  +  c)/'  I ,     .     .     .      (11) 

J    ^^ 
and  hence,  for  the  sum  of  (10)  and  (11), 

4arQ  =  y-  —  1  juu  +  pccl- :  l  +  «o'^o+  ^''  I    ^T"' 

and  therefore 

""=  ^p  [P^^iy  -l)  +  ''«o«o+  3/v  y'^^^  -2o;-o/-j.  (12) 
From  equation  (3)  there  follows  further,  since  dr  =  udt, 
dv=  ■ 
and  since,  by  equation  (7), 

and  by  equation  (11), 


rf.=  ^^'; (13) 

u  r  ^ 


.,          ,              4aV) 
a, cos  I')  = T—  ..   } 


1   /aa      -  i*aV/-\ 

"=->r.(T+3J-,^-> 

we  get,  by  substituting  these  values  in  the  identical  equation 


,  d  (cos  v) 

V  (1  —  cos  V*) 
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according  to  equatiou  (13), 

rf(«V) 
a.  dr  2ar^ 

and  from  this  and  equatiou  (12), 

=  ^pC-^V^M-r(«^-2ar,)+pr^J-^-),    (14) 
or  the  following  equation  for  the  two  variables  r  and  a  : — 

/•— p\  dr    )    \    Tq        r^  ,•  J    ^^  / 

If  we  now  confine  ourselves  to  small  values  of  a,  for  which  ar 
is  not,  indeed,  constant,  as  it  is  for  fl  =  0,  according  to  section  11, 
but  for  which  it  differs  only  little  from  a  constant  value  aQ7'Q  =  n, 
we  may  put 

ar  =  /i(l  +  e), (16) 

where  e  has  always  a  very  small  value.     It  then  follows  from 
this  that 

u^  n^ 

-  =  (l+2e)^, (17) 

^=n^ (18) 

dr  dr  ' 

Further,  by  (11)  and  (17), 


j 


de  a 

-o  = 5-  cos  r, 

IT  n^ 


*  If  the  segregating  force  a  vanish,  »r  must,  according  to  section  11, 
assume  a  constant  value.  But  for  a  constant  value  of  otr  and  for  a  =  0, 
equation  (15)  reduces  itself  to 

and  this,  divided  by  the  constant  value  ex?r^,  gives  the  identical  equation 
in  accordance  with  section  11. 
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or 


a 


t/e  =  — 2  r^  sin  Wr  ; (19) 


n 


from  (18)  and  (19), 


d{ur)       a   ^    .         do  ,^„. 

--,=- r^  &\n  V  .  ^r- ; (20) 

dr         n  dr  ^     ' 

and  i'rom  (17)  and  (l*J), 

o?      n^      2a  C 

7=7-^+73  l^sinr^y ••     (21) 

*'        d(ar)  o? 

If  we  now  substitute  the  values  of   -~~  and  —   given  by  (20) 

and  (21)  in  the  following  equation  resulting  from  (11)  and  (15), 
namely 

(J?  sin  v^ 

=  r-:^  •  (  \f)  \-vf-'-W  ^^^^-  --2-os.),(22) 

we  obtain^  by  again  putting  for  n  its  value  u^r^,  the  following 
equation  between  r  and  v,  namely 

2fl     /       3  r  „       ,  \* 

-  (7^:^<V+  -  J  ^-^  cos  ../;•)..     (23) 

By  differentiating  this  equation,  after  multiplying  it  by  r{r  —  p), 
we  obtain 


di 


--2  (2  V +3/-^  cos  r). 


*  From  the  above  equation,  since     u  may  be  substituted  for  — ,  we 

«  dv 

obtain 

«X:  .  -  =  !Jir.o  /^  4.  Mil,  .  ^'n  _  _2'L^-\(,,r+  ^-rr^cosr,/.), 
«e-r''      cc        »•— p  \7-o  r  c^  J       {r-p)c^J\  rJ  / 

which,  when  the  sej^regating  force  n  vanislies,  and  tliercfore,  according  to 
section  1 1,  ctr=ctj^,  passes  over  into  the  equation 

«M  _  r-rp  /p  _^  r+r„  _  f^\ 
cc       r—p  Vu  r        c''  / 

that  is  to  say,  into  the  same  equation  that  was  arrived  at  aheady  for  this 
case  in  section  1 1 . 
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If  we  here  put,  to  consider  a  special  case, 


cc 

(that  is  to  say,  the  case  in  which,  for  «  =  0,  the  two  particles  re- 
main, according  to  section  16,  at  the  same  distance  during  their 
rotation),  we  obtain 

which  becomes  =0,  first,  when  u  —  0  and  consequently  ?'  =  ?'o, 
01  =  Uq,  and  cos?;=  —1,  and,  secondlij,  when 

.  _  ^^^  ('*o  "*"  ^'  ^^^  '^) 
'o     ^ ^> — > 

a  case  which  occurs  for  small  values  of  a,  if  cosy=  +1  and  so 

Qarl 
r  =  r^^— — ^  approximately. 

Hence  it  follows  that,  just  as,  according  to  section  16,  one  of 

two  dissimilar  electrical  particles,  for  which  p= — 2/q-^-^,  could 

move  round  the  other  in  a  circular  orbit  when  not  acted  on  by 
segregating  force,  so  also  when  two  dissimilar  electrical  particles, 

for  which  p= — IrA-^-^-^-arA,   are  acted  on  by  a  segregating 

force  (  =  «),  one  of  them  can  revolve  about  the  other  in  a  closed 
orbit,  though  the  orbit  is  not  circular.  The  distance  between 
the  particles  varies,  in  fact,  according  as  the  moving  particle  lies 
before  or  behind  the  central  particle  considered  relatively  to  the 
direction  of  tlie  segregating  force,  being  in  the  latter  case  =rQ, 

and  in  the  former  case  =rQ — 6-^''  a. 

«o«o 

Such  an  eccentrical  position  of  the  one  particle  in  the  plane 
of  the  orbit  described  (under  the  intiuence  of  a  segregating 
force)  by  the  other  particle  about  this  one,  may  be  compared  to 
the  separation  of  electric  tluids  at  rest  under  the  influence  of  a 
similar  segregating  force;  but  the  remarkable  difference  presents 
itself  that  the  separation  takes  place  in  opposite  directions  in 
the  two  cases. 

It  follows  from  this,  that  in  all  conductors  that  have  been 
charged  in  the  usual  way  under  the  influence  of  a  force  of 
electrical  segregation,  the  electricity  cannot  be  contained  only  in 
the  state  of  aggregation  corresponding  to  Ampere's  molecular 
currents,  since  in  that  case  the  resulting  segregation  would  take 
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place  in  the  opposite  direction  to  that  which  actually  does  occur. 
But  even  if  all  the  electricity  in  such  a  conductor  existed  in  the 
form  of  Amperian  molecular  currents  before  the  action  of  the 
segregating  force  began,  there  must  have  been  amongst  these 
molecular  currents  some  which  could  not  persist  under  the 
action  of  the  segregating  force  (one  particle  continuing  to  re- 
volve in  a  closed  orbit  round  the  other),  and  were  accordingly 
broken  up,  the  two  particles  separating  more  and  more  from 
each  other  until  they  arrived  at  the  boundary  of  the  conductor. 
Under  the  influenee  of  the  force  of  segregation,  the  positive  and 
negative  particles  of  the  broken  molecular  currents  could  remain 
at  rest  only  when  distributed  in  a  particular  way  on  the  surface 
of  the  conductor ;  but  when  the  force  of  segregation  ceased  to 
act,  they  would  enter  into  motion  again  until  they  had  again 
united  themselves  two  by  two  into  Amperian  molecular  currents. 

19.  Electrical  Currents  in  Conductors. 

If  all  the  electricity  in  conductors  were  contained  in  them 
(before  a  segregating  force  began  to  act)  in  the  state  of  aggrega- 
tion corresponding  to  Amperian  molecular  currents,  which, 
however,  were  incapable  of  persisting  under  the  action  of  a 
segregating  force,  but  were  broken  up,  so  that  the  two  dissimilar 
electrical  particles,  which  were  I'evolving  about  each  other, 
separated  further  and  further  from  each  other,  until  their  paths 
finally  approached  asymptotically  the  direction  of  the  segregating 
force,  dissimilar  electrical  particles  derived  from  diifereut 
molecular  currents  would  encounter  each  other  before  they  could 
reach  the"  boundaries  of  the  conductor,  and  would  form  with 
each  other  new  molecular  currents.  These  newly  formed  mo- 
lecular currents  would  then  in  their  turn  be  broken  up,  and  the 
particles  constituting  them  would  again  sepai*ate  further  and 
further  from  each  other  in  paths  asymptotically  approaching  the 
direction  of  the  segregating  force,  and  so  on. 

Thus  there  would  arise  a  current  of  electricity  in  the  conduc- 
tor in  the  direction  of  the  segregating  force.  If  the  conductor 
had  the  shape  of  a  uniform  ring,  and  if  the  segregating  force 
had  the  same  intensity  in  every  separate  element  of  length  of 
the  ring  and  acted  in  the  direction  of  the  element,  a  constant 
circular  current  would  be  produced  in  the  ring,  and  the  laws  of 
motion  of  electrical  j)articles  under  the  action  of  a  force  of 
electrical  segregation,  developed  in  the  previous  section,  would 
form  the  basis  of  the  theory  of  these  constant  electrical  currents 
in  closed  conductors. 

Here  it  is  evident  that,  during  the  existence  of  this  current, 
work  would  be  done  by  each  particle,  since  it  moves  forward 
under  the  action  of  the  segregating  force  in  the  direction  of  this 
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force.  And  since  all  the  other  forces  which  act  upon  such  such 
a  particle  in  a  conductor  must  together  balance  each  other,  this 
work  will  make  its  appearance  as  an  equivalent  increase  of  the 
vis  viva  of  the  particle  ;  whence  it  follows  that  the  vis  viva  of  all 
the  Amperian  molecular  currents  contained  in  the  conductor 
must,  while  the  current  traverses  the  conductor,  increase  ;  that 
is  to  say,  the  square  of  the  velocity  with  which  the  particles  in 
the  Amperian  molecular  current  revolve  about  one  another 
must  increase  proportionally  to  the  force  of  segregation  [electro- 
motive force),  and  proportionally  to  the  distance  through  which 
this  force  acts  in  its  own  direction  (or  Xothe  strength  of  the  current). 
If  the  ratio  of  the  electromotive  force  to  the  strength  of  the  cur- 
rent he  CQ^ltii  resistance,  we  may  say  instead  of  the  above  that  the 
vis  viva  of  all  the  molecular  currents  contained  in  the  conductor 
increases,  during  the  passage  of  the  current,  proportionally  to 
the  resistance,  and  proportionally  to  the  square  of  the  strength  of 
the  current. 

This  increase  of  kinetic  energy  of  the  electrical  particles  con- 
tained in  a  conductor  while  a  current  traverses  it,  follows  there- 
fore as  a  necessary  consequence  of  the  action  of  the  electromotive 
force  upon  the  particles,  while  these  particles,  as  the  result  of  the 
current,  move  onward  in  the  direction  of  this  force. 

This  theoretical  conclusion  receives,  not  indeed  a  direct 
.-but  an  indirect  confirmation  from  experiment,  inasmuch  as  an 
increase  of  thermal  energy  is  observed  in  the  conductor  while  a 
current  traverses  it.  And  this  observed  increase  of  the  thermal 
energy  in  the  conductor  is  equal  to  the  calculated  increase  of  the 
kinetic  energy  of  the  electrical  particles  in  the  Amperian  molecu- 
lar currents  of  the  conductor. 

Now  the  thermal  energy  of  a  body  is  a  kiyietic  energy  re- 
sulting from  movements  in  the  interior  of  the  body,  which  are 
therefore  inaccessible  to  direct  observation.  In  like  manner  the 
kinetic  energy  belonging  to  the  electrical  particles  in  the  Am- 
perian molecular  currents  in  a  conductor  is  a  kinetic  energy 
which  results  from  movements  taking  place  in  the  intei'ior  of  the 
conductor,  and  therefore  inaccessible  to  direct  observation. 

But  notwithstandmg  this  agreement,  the  thermal  energy  of  a 
body  and  this  kinetic  energy  of  the  electrical  particles  in  the 
Amperian  currents  contained  in  the  same  body  might  possibly 
be  altogether  different  as  to  their  essential  nature.  For  it  is 
possible  that  the  thermal  energy  might  be  energy  resulting  from 
the  motion  of  quite  other  particles  than  those  of  electricity,  and 
the  motion  of  these  other  particles  might  be  of  quite  a  different 
kind  from  those  of  the  particles  in  Amperian  currents. 

In  order  to  explain  the  identity  of  the  increase  of  the  energv 
of  the  Amperian  molecular  currents,  as  determined  above,  u  ith 
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the  increase  of  thermal  energy  found  by  observation,  it  winihl 
tlien  be  absolutely  necessary,  according  to  the  principle  of  the 
conservation  of  energy,  \\\iii  a  transference  should  take  place  ot 
tiie  kinetic  energy  of  the  electrical  particles  in  the  Ani|)erian 
currents  to  the  other  particles  whose  motion  constitutes  heat. 
And  indeed  it  would  be  needful  that  all  the  kinetic  energy  pro- 
duced by  the  current  in  the  electrical  particles  of  the  Amperiau 
currents  should  be  completely  transferred  to  these  other  particles 
at  each  instant. 

But  apart  from  the  consideration  that  it  is  impossible  to  con- 
ceive how  such  a  complete  transference  could  take  place^  it 
is  self-evident  that  any  even  partial  transference  of  the  kinetic 
energy  of  Amperian  molecular  currents  to  other  particles  is  con- 
tradictory of  the  permanence  which  belongs  to  the  essential 
nature  of  Amperiau  currents.  ■  If  such  a  transference  of  kinetic 
energy  from  electrical  particles  in  molecular  currents  to  other 
j)articles  were  really  to  occur,  it  would  sinij)ly  prove  that  the 
molecular  currents  formed  by  these  particles  were  not  Amperiau 
molecular  currents,  since  they  would  not  possess  the  permanence 
wherein  the  essence  of  Amperian  molecular  currents  consists. 

Hence  it  follows  as  a  consequence  that,  if  in  conductors  all  the 
electrical  particles  exist  in  the  state  of  aggregation  correspond- 
ing to  Amperian  molecular  currents,  the  observed  increase  in 
the  thermal  energy  of  a  conductor,  during  the  passage  of  a 
current  through  it,  must  result  immediately  from  the  increase  of 
the  kinetic  energy  of  the  electrical  particles  constituting  the 
Amperian  currents  ;  that  is  to  say,  the  thermal  energy  imparted 
to  the  conductor  by  the  current  must  be  kinetic  energy  due  to 
motions  in  the  interior  of  the  conductor,  and  must  in  fact  consist 
in  an  increase  in  the  strength  of  the  Amperian  currents  formed  by 
the  electrical  particles  in  the  conductor. 

Reference  may  also  be  made,  in  connexion  with  the  identity  of 
thermal  energy  and  the  kinetic  energy  of  Amjicrian  molecular 
currents,  to  what  is  said  respecting  "  the  Transformation  of  the 
work  of  the  current  into  Heat,"  in  the  10th  volume  of  the 
Ahhandlungen  der  K.  Ges.  d.  Wiss.  zu  Gottingen  (1862),  in  the 
33rd  section  of  the  memoir  entitled  "  Zur  Galranometrie." 

20.  On  Therwomagnetism. 
The  following  remark  readily  connects  itself  with  the  hypothe- 
sis of  the  previous  section,  that  the  electricity  in  coiuluctors 
exists  in  the  state  of  aggregation  corresponding  to  Amperian 
mokcular  currents — and  with  the  consequent  identity  of  the 
thrrmal  energy  of  the  conductor  and  the  kinttic  energy  of  the 
Amperian  curieuts  in  the  conductor — namely,  that  etfu/iliiy  of 
/i/nijnrature  in    luo  conductors  luiiNt  depend    upon    ctrlaui  rela- 
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tions  between  the  streugth  and  character  of  the  Amperian 
currents  in  the  two  conductors,  but  that,  along  with  the  relation 
needed  for  this  equahty  of  temperature,  the  following  difference 
may  exist  between  the  currents  of  the  two  conductors,  namely : — 
that  greater  masses  of  electricity  may  move  with  smaller  velo- 
c'lg  in  the  Amperian  currents  of  the  one  conductor,  and  smaller 
masses  of  electricity  with  greater  velucitij  in  those  of  the  other 
conductor. 

Let  now  a  ring  be  conceived,  formed  of  two  such  dissimilar 
conductors,  through  which  a  constant  current  passes,  so  that  in 
the  same  time  an  equal  quantity  of  electricity  passes  through 
every  section  of  the  nng ;  then  it  is  evident  that  equal  quantities 
of  electricity  must  also  traverse  the  two  sections  which  bound 
the  first  layer  of  tJie  second  conductor.  But  the  electricity  which 
traverses  the  first  section  comes  from  the  first  conductor,  in  the 
molecular  currents  of  which  large  masses  of  electricity  move 
with  small  velocity.  Hence,  in  consequence  of  this  smaller 
velocity,  this  electricity  which  penetrates  into  the  first  layer  of 
the  second  conductor  possesses  less  vis  viva.  The  electricity  which 
jjasses  througli  the  second  section  comes  from  the  above-men- 
tioned first  layer  of  the  second  conductor  itself,  where  a  smaller 
mass  of  electricity  moves  in  the  Amperian  currents  with  a 
greater  velocit}^,  and  therefore  it  possesses,  in  consequence  of 
this  greater  velocity,  a  greater  vis  viva.  It  follows  from  this, 
that,  as  a  consequence  of  the  current,  this  first  layer  of  the 
second  conductor  gives  up  more  vis  viva  to  the  following  layer 
of  the  second  conductor  than  it  receives  from  the  last  layer  of 
the  first  conductor.  Consequently  a  diminution  takes  place  in 
the  kinetic  energy  of  the  Amperian  currents  of  this  layer,  or,  in 
other  words,  a  diminution  of  the  thermal  energy  or  temperature. 

The  opposite  condition  is  found  on  considering  the  two 
sections  which  bound  the  first  layer  of  the  first  conductor.  The 
electricity  which  passes  through  the  first  section  into  this  layer 
comes  out  of  the  end  of  the  second  conductor  with  a  greater 
velocity ;  and  that  which  passes  out  of  this  layer  through  the 
second  section,  leaves  this  section  with  a  smaller  velocity  ;  whence 
it  follows  that,  as  a  consequence  of  the  current,  the  first  layer  of 
the  first  conductor  gives  up  less  vis  viva  to  the  following  layer  of 
tlie  same  conductor  than  it  receives  from  the  last  layer  of  the 
second  conductor ;  and  tlius  an  increase  takes  place  in  the  kinetic 
energy  of  the  Amperian  currents  of  this  layer,  or,  in  other 
\\  ords,  an  inci'ease  of  the  thermal  energy  or  temperature. 

It  will  be  seen  that  a  foundation  is  here  presented  for  the 
doctrine  of  thermomagnetism,  and  in  particular  for  Peltier's  fun- 
damental experiment,  although  it  would  lead  us  too  far  to  pursue 
it  I'urther  here. 
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It  may  suffice  nicivly  to  add  licrc  a  similar  remark  in  relation 
to  Sccbcck's  fundamental  thermomagnctic  experiment.  In  a  body 
which  possesses  the  same  temperature  in  all  its  parts,  the  heat  is 
supposed  to  be  in  a  state  of  mobile  equilibrium ;  or  we  speak,  with 
Fourier,  of  a  recijjrocal  radiation  of  the  particles  of  the  body, 
by  virtue  of  wliich  each  particle  parts  with  just  as  much  heat  to 
the  surrounding  particles  as  it  receives  from  them.  Now,  if 
heat  consists  in  Ampcrian  molecular  currents,  which,  however, 
are  broken  up  by  the  ])0sitivc  and  negative  particles  separating 
from  each  other  until  they  encounter  other  particles,  with  which 
they  form  new  molecular  currents,  equilibrium  of  temperature 
must  consist  in  this,  that  the  vis  viva  of  the  electrical  particles 
which  leave  any  part  of  the  body  is  equal  to  the  vis  viva  of  the 
electrical  particles  which  enter  this  part  of  the  body. 

Let  us  now  consider  the  surface  of  contact  of  two  conductors 
which  differ  from  each  other  only  by  greater  masses  of  electricity 
moving  with  smaller  velocity  in  the  Ampcrian  currents  of  one, 
and  smaller  masses  moving  with  greater  velocity  in  those  of  the 
other.  Then,  when  both  the  conductors  are  at  the  same  tempe- 
rature, the  vis  viva  of  the  electrical  particles  which  pass  from  the 
first  conductor  into  the  second  must  be  equal  to  tlie  vis  viva 
of  the  electrical  particles  that  pass  from  the  second  conductor 
into  the  tirst ;  but  the  mass  of  the  electrical  particles  which  pass 
from  the  first  conductor  into  the  second  would  be  greater  than 
the  mass  of  the  electrical  particles  which  pass  out  of  the  second 
conductor  into  the  first.  But  from  this  (if  the  electricity  which 
passes  over  is  always  positive,  while  the ,  negative  electricity 
remains  behind  in  the  conductor,  to  the  particles  of  which  it 
adheres)  there  would  result  a  difference  of  electrical  charge  on  the 
two  sides  of  the  surface  of  contact ;  that  is  to  say,  there  would 
result  an  electi'omotive  force  at  this  surface  of  contact ;  for  the 
electromotive  force  of  a  surface  of  contact  is  a  force  whereby  a 
difference  of  electrical  charge  is  produced  at  the  two  sides  of 
the  surface  of  contact. 

If  now  the  two  conductors  are  of  such  a  nature  that  this 
difference  of  charge  at  the  two  sides  of  their  surftice  of  contact  is 
not  always  the  same,  but  is  (jreater  or  less  according  to  variations 
of  temperature,  there  would  follow  the  production  of  a  current 
in  a  ring  formed  of  these  two  conductors,  if  different  tempera- 
tures were  to  exist  at  the  two  surfaces  of  contact  of  the  con- 
ductors. 

21.  Helmholtz  on  the  contradiction  between  the  Law  of  Electrical 

Force  and  the  Law  of  the  Conservation  of  Force. 

In    his    memoir,    ''Ucbcr    die     Bewcgungsgleichungen    dcr 

Elektricitat  fur  ruhcndc  leitcudc  Korjicr,^'  in  the  Journal  fur 

die  reiue  vnd  angewandte  Mathematik  (vol.  Ixxii.  pp.  7  and  8), 
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Helmholtz  deduces  from  the  law  of  electrical  force  the  c(ination 
of  motion  of  two  electrical  jiarticles  for  motions  in  the  direction 
of  the  distance  /'  of  the  two  particles,  namely 


1      dr' 


C-^ 


cc     dt^    1  ed 

r 


ee^         2ec' 
or,  putting  C  =  —  and  —  =p,  the  equation 
7'q         mcc 

1  dr'^ _r—rQ  ^  p  _ 
cc  dt^     r—p     Tq' 

that  is  to  say,  the  same  equation  as  was  arrived  at  in  section  9. 

If  —  >i?ncc>C— thatis,if^>l  >^,  we  have  ^i^ positive  and 
r      -  r  To  dt^  * 

greater  than  cc,  and  —  is  therefore  real.     If  the  latter  is  also 

.    ed 
positive,  r  will  increase  until  —  =|?ncc,  that  is  till  ?'  =  /o,and  then 

■j-  becomes  infinitely  great. 


ee 


The  same  will  happen  if,  to  begin  with,  C  >\mcc>—;  that  is 


if  "  >I  >",  and  -j-  is  negative. 


Tq  r '  dt 


These  consequences  are,  according  to  Helmholtz,  in  contra- 
diction with  the  law  of  the  conservation  of  force. 

Now  it  may  be  remarked  hereupon,  in  the  first  place,  that 

two  electrical  particles  are  here  assumed  which  begin  to  move 

with  a  finite  velocity  certainly,  but  one  v.hich  is  greater  than 

11-  T        •       1        .r.^.^/A    -,^/j  millimetre 

the  velocity  c — greater,  that  is,  than  4394o0 .  10*" y—  • 

J         ^  '  second 

The  case  of  two  bodies  moving  relatively  to  each  other  with  such 

a  velocity  is  nowhere  recognizable  in  nature.     In  all  practical 

cases  we  are  accustomed  rather  to  treat to    as  a  very  small 

cc  dt^  •' 

fraction ;  and  this  deserves  notice. 

For,  according  to  Helmholtz  {loc.  cit.  p.  7),  a  law  is  in  con- 
tradiction with  the  law  of  the  conservation  of  force  if  two  par- 
ticles, moving  in  accordance  with  it  and  beginning  with  a  fimte 
velocity,  attain,  within  a  finite  distance  of  each  other,  infinite  vis 
viva,  and  so  are  able  to  do  an  infinitely  great  amount  of  work. 

The  principle  seems  to  be  here  announced  that,  according  to 
the  law  of  the  conservation  of  force,  two  jiarticlcs  cannot,  under 
any  circumstances,  possess  infinite  vis  viva. 

L2 
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For  tlie  above  assertion  may  evidently  be  iuverted,  and  we 
may  say  a  law  is  in  contradiction  with  the  law  of  the  conser- 
vation of  force,  if  two  particles,  moving  in  accordance  with  it 
and  beginning  with  infinite  velocity,  attain,  at  a  finite  distance 
from  each  other,  finite  vis  viva,  and  thus  suffer  an  infinitely 
great  diminution  of  the  work  which  they  are  able  to  perform. 

The  two  particles  must  therefore  always  retain  an  infinite 
velocity ;  for  if  they  have  not  lost  it  in  any  finite  distance,  how- 
ever great,  they  would,  in  accordance  with  the  nature  of  potential, 
never  lose  it  even  at  greater  distances.  But  bodies  which 
always  move  relatively  to  each  other  with  an  infinite  velocity  are 
excluded  from  the  region  of  our  inquiries. 

But  if  two  particles  never  possess  more  than  finite  vis  viva, 

there  must  be  a  finite  limiting  value  of  vis  viva  which  they 

never  exceed.     It  is  consequently  possible  that  this  limiting 

ee 
value  for  two  electrical  particles  e  and  e'  may  be  = — ;  that  is, 

that  the  square  of  the  velocity,  with  which  the  tw^o  particles 
move  relatively  to  each  other,  may  not  exceed  cc. 

The  contradiction  urged  by  llelmholtz  would,  according  to 
this,  lie  not  in  the  law,  but  in  his  assumption,  according  to 
which  the  two  particles  began  to  move  with  a  velocity  the  square 

of  which,  namely  -^,  was  >  cc. 

If  such  a  determination  of  the  limiting  value  of  vis  viva  is 
assumed  in  connexion  with  the  law  of  the  conservation  of  force 
according  to  Helmholtz,  it  may  equally  well  be  assumed  in 
connexion  with  the  fundamental  laiv  of  electrical  action  (see 
section  4);  that  is,  the  ivorli  denoted  there  by  U,  as  well  as  the 

(e<'\ 
in  the  law  U  +  -^  =  — I,  iH'^iy  hoth  be  re- 
garded as  being  by  their  nature  positive  quantities. 

In  the  second  place,  it  may  be  remarked  that,  though  the 
two   electrical  jjarticles   do  attain  infinite  vis  viva  at   a  finite 

2ee'  {\      1\ 

distance  from  each  other,  this  finite  distance  is  p=- ( -  +  -,), 

'        cc  \e      eV 

whicli,  according  to  our  measures,  is  an  undefinahle  small  distance, 
for  the  same  reasons  that  the  electrical  masses  e  and  e'  are  them- 
selves undefinahle  according  to  our  nieasures.  This  distance 
was  cons(  (juently  denominated  in  section  9  a  molecular  distance. 
The  tlieory  of  vwlccular  motions  requires  in  any  case  a  special 
development,  which  as  yet  is  wanting  throughout.  But  as  long 
as  such  a  theory  remains  excluded  from  mechanical  investigations, 
any  doubts  as  to  physical  adndssibiidy  in  relation  to  molecular 
motions  are  without  foundation. 
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It  may  be  reraarkedj  in  the  tliird  place,  that  the  same  objec- 
tion, namely  that  two  particles,  wliich  begin  with  finite  velocity, 
attain  infinite  vis  viva  at  a  finite  distance  from  each  other,  applies 
also  to  the  law  of  gravitation,  if  it  is  assnmed  that  the  masses 
of  ponderable  particles  are  concentrated  in  points.  But  if  this 
objection  is  got  rid  of,  in  the  case  of  the  law  of  gravitation,  by 
assuming  that  the  masses  even  of  the  smallest  particles  occupy 
space,  we  must  make  the  same  assumption  in  relation  to  elec- 
trical particles,  in  which  case  it  results  that  only  a  vanishingly 
small  part  of  such  a  particle  arrives  at  a  given  instant  at  the 
distance  p  ;  another  vanishingly  small  part,  which  arrived  at 
the  distance  p  at  the  previous  instant,  will  have  exchanged  its 
infinitely  great  velocity  of  approach  for  an  infinitely  great  velocity 
of  separation.  But  if  these  vanishing  parts  of  the  smallest  par- 
ticles are  solidly  connected  together,  there  cannot  be  any 
question  of  such  infinite  velocities  at  all. 

Even  cosmical  masses  may  begin  their  movements  under 
physically  admissible  conditions,  and,  by  continuing  to  move 
according  to  the  law  of  gravitation,  may  come  into  physically 
inadmissible  conditions,  which  can  be  avoided  only  through  the 
cooperation  of  motecular  forces  confined  to  molecular  distances. 
The  disregard  of  this  cooperation  is,  strictly  speaking,  only 
temporarily  allowable,  namely  so  long  as  the  conditions  are 
such  that  its  influence  is  either  nothing  or  may  be  regarded  as 
vanishingly  small.  But  just  as  little  as  an  objection  to  the  law 
of  gravitation  is  derived  from  this  fact,  ought  any  objection  to 
the  fundamental  law  of  electrical  action  to  be  derived  from  the 
physically  inadmissible  conditions  to  which,  according  to 
Helmholtz,  this  law  leads,  when  it  is  considered  that  these  in- 
admissible conditions  are  connected  only  with  certain  molecular 
distances. 
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Theory  of  Heat.  By  J.  Clerk  Maxwell,  M.A.,  F.R.S.,  Professor 
of  Experimental  Physics  in  the  University  of  Cambridge.  London.; 
Longmans,  Green,  and  Co.    1S71.    (Pp.  312.) 

.nplIE  subject  of  this  work  is  correctly  indicated  by  its  title  ;  it  is  a 
_l  treatise  on  the  Theory  of  Heat;  its  writer's  aim  having  been  to 
state  and  enforce  the  general  propositions  that  have  been  established 
regarding  the  nature  and  effects  of  heat,  rather  than  to  discuss  tlie 
particular  facts  which  are  summed  up  in  those  propositions.  It 
must  not  he  supposed,  however,  that  no  notice  is  taken  of  the  expe- 
riments which  form  the  basis  of  our  knowledge  of  Heat;  on  the  con- 
trary, they  are  described,  where  necessary,  at  sufficient  lengtli  to 
bring  out  the  principles  involved  in  them;  but  they  are  described 
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without  reference  to  details  of  manipulation,  and  in  few  cases,  if  in 
any,  is  an  experiment  described  for  purposes  of  mere  illustration. 

The  contents  of  the  volume  are  as  follows  :— After  an  introduc- 
tion there  are  two  chapters  on  Thermometry  and  Calorimetry  (the 
registration  of  temperature  and  the  measurement  of  Heat),  in  which 
these  subjects  are  very  fully  treated,  the  latter  chapter  containing 
the  definitions  of  Thermal  Capacity,  Specific  Heat,  and  Latent  Heat. 
Then  follows  a  statement  of  the  elementary  principles  of  Dynamics, 
and  of  the  principles  of  the  measurement  of  Internal  Forces.  From 
this  point  begins  the  exposition  of  the  principles  of  Thermodyna- 
mics. One  chapter  (ch.  6)  contains  an  account  of  isothermal  lines, 
in  the  course  of  which  a  pretty  full  account  is  given  of  Ur.  Andrew's 
experiments  in  illustration  of  the  continuity  of  the  gaseous  and  liquid 
states;  asecond  (ch.  7),  of  adiahutic  lines  ;  a  third  (ch.  8)  is  devoted  to 
Sadi  Carnot's  Heat  Engine  and  its  four  ojicrations,  which  are  explained 
hy  means  of  the  indicator  diagram,  and  lead  up  to  the  definitions  of 
a  Cycle,  of  Efficiency,  and  of  the  Absolute  Scale  of  Temperature. 
Then  follow  seven  chapters  of  applications.  The  subjects  now  indi- 
cated occupy  about  two  thirds  of  the  work ;  the  remaining  part  is 
mainly  taken  up  with  the  subjects  of  radiation  and  conduction,  and 
ends  with  a  most  interesting  chapter  on  the  molecular  theory  of 
the  constitution  of  bodies.  In  the  course  of  the  work  there  are  dis- 
cussions on  several  subjects  not  hitherto  mentioned,  which  deserve 
notice  as  being  original  in  treatment,  or  as  not  commonly  given  in 
elementary  books  ;  such  are  : — the  account  of  Watt's  Indicator  and 
its  appUcation  to  Thermodynamics  (p.  102  .. .  ),  the  discussion  of 
the  Intrinsic  Energy  of  a  system  of  bodies  (ch.  12),  the  account  of 
the  determination  of  heights  by  the  barometer  (ch.  14),  that  of  the 
propagation  of  Waves  by  Longitudinal  Disturbances  (ch.  13),  of 
Fourier's  Theory  of  the  conduction  of  Heat  (p.  236  .  .  . ),  and  the 
chapter  (ch.  20)  on  Capillarity. 

The  above  account  will  perhaps  convey  a  not  altogether  inade- 
quate notion  of  the  contents  of  Mr.  Clerk  Maxwell's  book.  If  it 
were  compared  chapter  by  chapter  with  any  of  the  existing  elemen- 
tary manuals,  such  as  Mr.  Balfour  Stewart's,  it  would  be  seen  that 
it  treats  with  brevity  what  is  ordinarily  given  at  full  length,  and  am- 
plifies what  is  in  most  cases  cut  short.  The  parts  on  which  Mr. 
Clerk  Maxwell  mainly  dwells  are  those  presenting  the  greatest  diffi- 
culty to  the  learner.  This  difficulty  is  inherent,  and  would  remain 
very  great  even  were  the  subject  treated  by  a  writer  who  possessed 
in  the  highest  degree  the  art  of  exposition.  But  whatever  the  causes, 
whether  choice  of  subject  or  mode  of  treatment,  there  can  hardly 
be  a  doubt  that  the  book  will  severely  task  the  attention  of  the 
reader  who  comes  fresh  to  the  subject ;  and  this  we  fear  will  greatly 
limit  its  usefulness  as  a  book  "  adapted  for  the  use  of  Artisans  and 
Students  in  rublic  Schools."  Considered,  however,  as  addressed  to 
students  already  well  trained  in  something  more  than  the  elements 
of  mathematics,  and  familiar  with  the  fundamental  laws  of  mechanics, 
it  would  be  hard  to  name  a  belter  book.  To  such  readers  it  will 
prove  an  excellent  introduction  to  the  very  difficult  science  of  Ther- 
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modynamics.  They  will  find  in  it,  written  by  a  master,  an  admi- 
rable account  of  the  existing  state  of  knowledge  as  to  the  nature  and 
effects  of  heat,  of  the  steps  by  which  that  knowledge  has  been  ac- 
quired, of  its  bearing  on  the  molecular  constitution  of  matter,  and 
of  the  numerous  points  at  which  the  subject  of  heat  touches  the 
general  doctrines  of  mechanics. 

Observations  upon  the  Climate  of  Uchfield  in  the  Weald  of  Sussex.  By 
C.  Leeson  Pkince.  London:  J.  and  A.  Churchill.  1871. 
This  is  an  admirable  digest  of  meteorological  facts  elucidatory  of 
the  climate  of  Sussex,  in  which  the  author  treats  of  pressure,  tem- 
perature, and  raiufciU — three  of  its  most  important  elements.  One 
feature  of  the  work,  of  much  usefulness,  is  a  complete  and  consecutive 
history  of  the  weather  at  Uckfield,  monthly  from  January  1843  to 
December  1870  inclusive.  We  do  not  remember  a  similar  feature, 
except  in  the  case  of  Howard's  '  Climate  of  London.'  There  is 
something  more  needed  than  numerical  results,  valuable  as  they  are. 
The  salient  features — hot  or  cold,  wet  or  dr}',  clear  or  cloudy,  mild 
with  the  progression  of  vegetable  life,  frost  with  its  retardation — each 
finds  a  place  in  the  brief  meteorological  chronicles  of  the  months. 
Only  one  omission  in  the  work  strikes  us ;  it  is  that  of  the  deter- 
mination of  the  elements  which  are  necessary  for  resolving  atmo- 
spheric pressure  into  its  constituents,  the  pressure  of  dry  air  and 
the  elasticity  of  aqueous  vapour.  The  elaborate  Tables  of  tempera- 
ture and  rainfall  for  twenty-eight  years  show  that  these  elements 
have  been  well  worked  up.  The  pressure  was  not  observed  until 
1854;  and  during  the  seventeen  years  to  the  close  of  the  observa- 
tions, it  would  have  added  to  the  value  of  the  work  had  it  been  ac- 
companied by  Tables  of  the  degree  of  humidity,  the  pressure  of  dry 
air,  and  the  elasticity  of  aqueous  vapour ;  for  then  the  mutual  de- 
pendence of  each  element  on  the  others  would  have  become  appa- 
rent. As  it  is,  the  Tables  show  this  dependence  to  a  certain  extent, 
the  pressure  being  greatest  in  February,  the  driest  month.  The 
pressure  in  October  (the  wettest  month)  was  very  nearly  the  lowest, 
December  being  only  "003  inch  lower. 

We  strongly  recommend  the  work  to  all  meteorologists  ;  and  even 
the  general  reader  will  find  much  to  interest  him;  in  a  word,  it 
bears  the  same  relation  to  meteorology  as  White's  '  Selborne '  does 
to  natural  history. 

XVII.  Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 

[Continued  from  p.  75.] 

Nov.  If),  1871. — General  Sir  Edward  Sabine,  K.C.B.,  President,  in 

the  Chair. 
'T^HIC  following  communications  were  read : — 
■^      "  On  a  Periodic  Change  of  the  Elements  of  the  Force  of  Ter- 
restrial Magnetism  discovered  by  Professor  Hornstein." 

Professor  Hornstein,  of  Prague,  lias  communicated  to  the  Imperial 
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Academy  of  Srirnccs  of  Vienna  a  pajjer  entitled  "  On  the  depend- 
ence of  the  Eaitli's  Magnetism  on  the  Rotation  of  the  Snn." 

He  shows  that  the  changes  of  each  of  the  three  elements  of  the 
force  of  terrestrial  magnetism  (declination,  inclination,  and  horizontal 
force)  indicate  a  period  of  2G  ]  days.  The  periodic  change  of  declina- 
tion for  Pragne  (1870)  amounts  to  0"705  sin  (j'+lOO'^  20'),  where 
.r=0°at  the  commencement  of  1870,  and  a'=3G0°  at  the  commence- 
ment of  1871.  For  A'ienna  the  range  is  a  little  larger.  The  range 
of  inclination  is  nearly  one-third  of  that  of  declination,  that  of  the 
intensity  nearly  24  units  of  the  ^th  decimal  (the  intensity  in  Juno 
1870  was  nearly  2-0-185). 

Professor  Ilornstein  regards  these  changes  of  the  earth's,  magne- 
tism as  the  effect  of  the  sun's  rotation,  and  hy  a  mean  of  several 
determinations  finds  for  the  duration  ofthe])criod  2()'.'3.'i  days.  This 
number  may  consequently  be  regarded  as  the  result  of  the  first  at- 
tempt to  determine  the  synodic  j)eriod  of  the  sun's  rotation  by 
means  of  the  magnetic  needle.  The  resulting  true  periodic  time 
of  the  sun's  rotation  is  24*;)5  days,  almost  exactly  agreeing  with 
the  time  of  rotation  of  the  sun-spots  iu  the  sun's  equator  ded\iced 
from  astronomical  observations  (according  to  Sporer  24*.t41  daj-s). 

"  Corrections  to  the  Computed  Lengths  of  "Waves  of  Light  pub- 
lished in  the  Philosophical  Transactions  of  the  year  18G8."  By 
George  Biddell  Airy,  C.B.,  Astronomer  Royal. 

The  author,  after  adverting  to  the  process  by  which  in  a  former 
paper  he  had  attempted  the  computation  of  the  Lengths  of  Waves  of 
Light,  for  the  entire  series  measured  in  the  Solar  Spectrum  by  Kirch- 
lioff,  from  a  limited  number  of  measiu-ed  wave-lengths,  and  to  the 
discordances  between  the  results  of  these  computations  and  the  ac- 
tual measure  of  numerous  wave-lengths  to  which  he  subsequently 
had  access,  calls  attention  to  his  remark  that  means  existed  forgiving 
accuracy  to  the  whole.  The  object  of  the  present  paper  is  so  to  use 
these  means  as  to  produce  a  table  of  corrections  applicable  through 
the  entire  range  of  Kirchhoff's  lines,  and  actually  to  apply  the  cor- 
rections to  those  computed  wave-lengths  which  relate  to  spectral 
lines  produced  by  the  atmosphere  and  by  many  metals. 

O 

Adopting  as  foundation  the  comparisons  with  Angstrom's  and 
Ditschciner's  measures  given  in  the  former  paper,  and  laying  thesie 
down  graphically,  the  author  remarks  that  in  some  parts  of  the  spec- 
trum the  agreement  of  the  two  cxj)erimenters  is  very  close,  that  in 
some  ])arts  they  are  irreconcilable,  and  that  in  one  part  (where  they 
agree)  there  is  a  peculiarity  which  leads  to  the  supposition  that  some 
important  change  was  made  in  Kirchhoff's  adjustments.  lie  then 
explains  the  considerations  on  which  he  has  drawn  a  correction-curve, 
whose  ordinates  are  to  give  the  corrections  ai)i)licable  to  his  former 
computed  numbers.  A  general  table  of  corrections  is  then  given, 
and  this  is  followed  by  talbles  of  the  Lengths  of  the  Light-"Waves  for 
the  air  and  metals  as  corrected  by  the  quantities  deduced  from  that 
general  tabic. 

The  author  remarks  that  he  has  not  yet  succeeded  in  discovering 
any  relation  among  the  wave-lengths  for  the  various  lines  given  by 
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any  one  metal  &c.  which  can  suggest  any  mechanical  explanation  of 
their  origin. 

Nov.  23. — General  Sir  Edward  Sabine,  K.C.B.,  President,  followed 
by  Mr.  Francis  Galton,  Vice-President,  in  the  Chair. 

The  following  communication  was  read  : — 

"  An  Experimental  Determination  of  the  Velocity  of  Sound."  By 
J.  E.  Stone,  M.A.,  E.U.S.,  Astronomer  Royal  at  the  Cape  of  Good 
Hope. 

A  galvanic  current  passes  from  the  batteries  at  the  Royal  Obser- 
vatory, Cape  Town,  at  1  o'clock,  and  discliarges  a  gun  at  the  Castle, 
and  through  relays  dro])s  a  time-ball  at  Port  Elizabeth.  It  appeared 
to  the  author  that  a  valuable  determination  of  the  velocity  of  sound, 
might  be  obtained  by  measuring  uj^on  the  chronograph  of  the  Ob- 
servatory the  interval  between  the  time  of  the  sound  reaching  some 
point  near  the  gun  and  tliat  of  its  arrival  at  the  Observatory.  As  there 
is  only  a  single  wire  between  the  Observatory  and  Cape  Town,  some 
little  difficulty  was  experienced,  in  making  the  necessary  arrange- 
ments, without  any  interference  with  the  1  o'clock  current  to  Port 
Elizabeth ;  but  this  difficulty  was  overcome  by  a  plan  which  the  author 
describes,  and  which  was  brought  into  successful  operation  on  Feb. 
27,  18/1.  The  experim.ents  could  not  have  been  carried  out,  on 
account  of  the  encroachment  they  -nould  have  made  on  the  time  of 
the  Observatory  staff,  had  it  not  been  for  the  assistance  of  J.  Den, 
Esq.,  the  acting  manager  of  the  Cape  Telegraph  Com]iany,  to  whom 
the  author  is  indebted  for  the  preparation  of  a  good  earih-connexion 
near  the  gun,  for  permission  to  Mr.  Kirby,  a  gentleman  attached 
to  the  telegraph  office,  to  assist  in  the  experiments,  and  for  a  general 
superintendence  of  the  arrangements  at  Cape  Town. 

The  observed  times  of  hearing  the  sound  were  recorded  on  the 
chronograph  by  two  observers,  situated  one  (Mr.  Kirby)  at  a  dis- 
tance of  G41  feet  from  the  gun,  the  other  (]\Ir.  Mann)  at  the  Ob- 
servatory, at  a  distance  of  15,449  feet  from  the  gun.  The  former 
distance  was  sufficient  to  allow  the  connexion  of  the  main  wire  to 
be  broken  at  the  telegraph  office  after  the  gun  had  been  fired,  but 
before  the  sound  reached  the  first  observer. 

As  there  were  no  reciprocal  signals,  a  correction  was  made  by  cal- 
culation for  the  effect  of  the  wind,  its  velocity  being  measured' by  a 
set  of  Robinson's  cups.  The  personal  equation,  under  the  circum- 
stances of  the  observations,  was  found  as  follows  : — A  gun  was  fired 
at  such  a  distance  from  the  Observatory  as  to  be  heard  with  about 
the  same  degree  of  distinctness  as  the  time-gun  at  the  Castle.  This 
distance  was  found  to  be  1483  feet.  The  registrations  on  the  chro- 
nograph were  made  by  Mr.  Kirliy  at  the  distance  of  162  feet  from 
the  gun,  and  Mr.  Mann  at  the  Observatory.  For  this  comparativelv 
small  distance,  the  time  of  transit  calculated  from  the  velocity  de- 
duced from  the  time  taken  to  travel  over  the  larger  distance  may 
be  deemed  exact.  The  observed  time  for  the  smaller  difference  of 
distance  was  found  to  be  too  great  by  0'-U9,  which  correction  has  been 
applied  to  all  the  observations.     It  depends  more  on  want  of  seusi- 
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bility  in  picking  up  and  recognizing  faint  sounds  than  upon  mere 
habit  of  making  contacts.  When  the  observers  were  interchanged, 
the  observed  interval  of  time  appeared  still  too  large,  but  iu  tbis  case 
by  O'^O'^,  It  is  clear  that  such  personal  equations  are  not  elimi- 
uated  by  an  interchange  of  observers,  uor  by  return  signals. 

In  the  reduction  of  the  equations,  the  coefficient  of  elasticity  of 
air  under  a  constant  volume  (that  is  to  say,  the  ratio  of  the  in- 
crement of  pressure  for  an  increment  1°  F.  of  temperature  to  the 
]»rcssure  at  32°  F.)  was  regarded  as  an  unknown  quantity,  as  well  as 
V,  the  velocity  of  sound  at  32°  F.  The  reduction  of  the  equations 
fnrnished  by  the  observations,  wliich  were  3S  iu  nuiuber,  gave 

y=1090"6  feet  per  second, 
a=0-U0l9, 

llegnault's  value  of  a  being  0'0020. 

There  a|)peared  to  be  but  little  difference  between  the  residual 
errors  as  dependent  on  the  motion  of  the  air.  The  author  grouped 
the  residuals  into  two  classes,  according  to  the  dampness  of  the  air; 
but  there  a})pcared  to  be  no  appreciable  difference  in  the  velocity  as 
dependent  upon  dampness. 


GEOLOGICAL  SOCIETY. 

[Continued  from  p.  76.] 

June  21,  1871. — Joseph  Prestwicli,  Esq.,  F.ll.S.,  President, 
in  the  Chair. 

The  following  communications  were  read : — 

1.  ''On  some  supposed  Vegetable  Fossils."  By  "William  Carru- 
thcrs,Esq.,  F.ll.S.,F.a.S. 

In  this  paper  the  author  desired  to  record  certain  examples  of 
objects  which  had  been  regarded,  erroneously,  as  vegetable  fossils. 
The  specimens  to  which  he  specially  alluded  were  as  follows: — 
Supposed  fruits  on  which  Geinitz  founded  the  genus  GuUielmites, 
namely  CarpoUtes  timhonatiis,  Sternb.,  and  GHUiehnites  permianusy 
Gein.,  which  the  author  regarded  as  the  result  of  the  presence  of 
fluid  or  gaseous  matter  in  the  rock  when  in  a  plastic  state ;  some 
roundish  bodies,  which,  when  occurring  in  the  Stoncsfield  slate, 
have  been  regarded  as  fossil  fruits,  but  which  the  author  considered 
to  be  the  ova  of  reptiles,  and  of  which  he  described  two  new  forms ; 
and  the  flat,  horny  pen  of  a  Cuttlelish  from  the  Furbeek  of  Dorset- 
bhirc,  described  by  the  author  as  Tcudopsh  Brodiel,  sp.  n. 

2.  "  Notes  on  the  Geology  of  part  of  the  County  of  Donegal." 
By  A.  H.  Green,  Esq.,  F.G.S. 

In  this  paper  the  author  described  the  geological  structure  of  the 
countrj'  in  the  ncighbcnubood  of  the  Erri^ual  Mountain,  with  the 
view  of  demonstrating  !\:  occurrence  in  tliis  district  of  an  inter- 
stratification  with  mien-schist  of  beds  of  rock  which  can  hawlly  bo 
distinguished  from  granite,  the  very  gradual  passage  from  alterna- 
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tions  of  granitic  gneiss  and  niica-scbist  into  granite  alono,  and  the 
marked  traces  of  bedding  and  other  signs  of  stratification  that  appear 
in  the  granite,  to  which  the  anthor  ascribed  a  metamorphic  origin. 
Ho  also  noticed  the  marks  of  ice-action  observed  by  him  in  this 
region,  and  referred  especially  to  some  remarkable  fluted  bosses  of 
quartzitc,  and  to  the  formation  of  some  small  lakes  by  the  scooping 
action  of  ice. 

3.  "  Memoranda  on  the  most  recent  Geological  Changes  of  the 
Rivers  and  Plains  of  Northern  India,  founded  on  accurate  surveys 
and  the  Artesian  well-boring  at  Umballa,  to  show  the  practical 
application  of  Mr.  Login's  theory  of  the  abrading  and  transporting 
power  of  water  to  effect  such  changes."     By  T.  Login,  Esq.,  F.ll.S.E. 

The  author  commenced  by  referring  to  the  general  conditions  of 
the  surface  of  the  country  under  consideration,  and  to  the  evidence 
afforded  by  it  of  a  great  decrease  in  the  amount  of  rainfall,  and  a 
great  change  in  the  nature  of  the  rivers.  His  object  was  to  show 
that  the  superficial  deposits  of  the  plains  of  India  were  formed  by 
the  action  of  mountain-streams,  the  deposits  being  irregular  trans- 
versely, but  exhibiting  a  uniform  section  longitudinally,  in  a  curve 
which  the  author  believed  to  be  a  true  parabola,  as  indicated  by 
Mr.  Tylor.  The  connexion  of  this  with  the  author's  theory  as  to 
the  transporting  power  of  water  was  indicated.  The  author  also 
showed  that  the  beds  of  the  large  Indian  rivers  are  rising  rather 
than  being  loAvered,  and  pointed  out  that  this  was  in  accordance 
with  his  theory. 
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ON  THE  SPECTRUM  OP  HYDROGEN  AT  LOW  PRESSURE. 
BY  G.  M.  SEABROKE,  ESQ. 

|UR1NG  the  late  summer  months  I  have  been  comparing  the  lines 
given  by  hydrogen  in  the  spectroscope  with  the  lines  of  the  solar 
spectrum,  for  the  purpose  of  ascertaining  M'hether  any  lines  in  the 
sun's  chromosphere  were  due  to  hydrogen,  besides  those  usually 
supposed  to  be  due  to  this  element.  The  observations  are  as  yet 
incomplete  ;  but  as  it  will  be  some  months  before  I  can  again  pro- 
ceed, I  therefore  produce  the  results  obtained  up  to  the  present 
time.  The  experiments  have  been  conducted  in  a  room  adjoining 
tlie  Temple  Observatory  lately  erected  at  Rugby.  My  mode  of 
proceeding  has  been  briefly  as  follows  : — I  use  a  vacuum-tube  con- 
taining hydrogen,  and  connected  with  a  Sprengel's  air-pump.  The 
tube  is  of  the  ordinary  form,  having  the  part  between  the  bulbs, 
into  which  the  platinum  wires  pass,  about  j\,  inch  internal  diameter. 
The  pressure  in  the  tube  varied  from  3  to  4  millims.  of  mercury. 
Preliminary  experiments  showed  that  at  this  jDressure  tlie  lines  ap- 
peared most  distinct ;  but  a  slight  change  of  pressure  near  4  millims. 
made  little  alteration  in  the  lines.  There  is  a  battery  of  twelve 
Smee's  to  work  the  coil  for  passing  the  spark  in  the  vacuum-tube. 
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The  light  from  the  liychogen-tube  passed  through  a  lens  which  con- 
centrates it  on  the  slit  of  the  sjiectroscope.  A  clisi)ersive  ))o\ver  of 
four  prisms  of  G0°  was  used,  the  arrangement  of  the  instrument  being 
such  that  the  ray  of  light  traverses  each  prism  twice.  'Jhc  room  is 
kept  perfectly  dark,  and  sunlight  is  reflected  down  from  the  roof  by 
means  of  a  heliostat.  At  first  I  tried  the  usual  mode  of  comparing 
spectra,  viz.  by  having  the  hydrogen  and  solar  spectra  side  by  side. 
I  found  this  answer  very  well  for  the  bright  lines  ;  but  the  faint  ones 
could  not  be  distinguished  by  tlie  side  of  the  bright  solar  spectrum. 
I  therefore  placed  a  very  fine  platinum  wire  in  the  eyepiece  of  the 
spectroscope,  and  brought  the  lines  under  examination  into  coinci- 
dence with  the  wire,  and  then  passed  the  sunlight  in,  and  found 
■which  black  line  coincided  with  the  wire,  or,  where  there  was  no 
coincidence,  the  position  of  the  wire  with  respect  to  the  black  lines. 
I  have  made  from  ten  to  twenty  observations  on  each  line  that  I 
have  at  present  examined.  I  have  every  reason  to  believe  that  the 
limit  of  error  is  within  two  divisions  of  Fraunhofer's  scale  either 
way.  The  Table  below  gives  the  positions  of  the  lines  I  have  already 
compared.  These  I  hope  to  examine  again  next  year,  and  also  to 
finish  the  remainder. 


Reference 

Position  on 

Relative 

Number. 

Kirchhoff's 

biightncss. 

Remarks. 

scale. 

10  =  brightest. 

1. 

G!)4 

10 

C. 

2. 

SSI 

Limit  of  a  number  of  close  lines  towards  C. 

3. 

<);{0 

5 

Brightest  red  line,  except  C. 

4. 

1014 

5 

Suspiciously  neartlicchromospherelinenearD. 

5. 

1049 

3 

rXhe  positions  of  these  were  taken  by  refer- 

6. 

1001 

4 

\      cncc  to  the  mercury  lines,  and  are  there- 

7. 

1119 

3 

[     fore  not  so  reliable  as  the  others. 

8. 

1533 

4 

9. 

1621 

4 

10. 

1876 

4 

11. 

1943 

3 

12. 

1991 

6 

13. 

2065 

3 

14. 

2080 

10 

F. 

15. 

2235 

4 

Near  hero,  exact  place  inicertain. 

16. 

2361 

6 

17. 

2428-5 

... 

Limit  of  a  band  towards  F. 

18. 

2540 

2 

19. 

2605 

3 

20. 

2670 

3 

21. 

2767 

Faint  band. 

On  comparing  the  above  Table  with  tlie  catalogue  of  chromo- 
spheric  lines  by  Professor  Young,  published  in  the  Philosophical 
Magazine  of  November  1871,1  see  no  sufficient  signs  of  coincidence 
to  lead  me  to  believe  that  any  of  the  chroniosi)heric  lines  in  his  list 
are  due  to  hydrogen,  excejit  the  C  and  F,  already  well  known  to  I  e 
so  due.  Since  I  have  not  yet  examined  lines  further  tlian  2767,  tl  e 
"  near  G  "  ('279G)  and  h  lines,  also  known  to  be  due  to  hydrogen,  aic 
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not  mentioned  in  the  above  list.  In  these  experiments  a  spectro- 
scope with  a  large  dispersive  and  magnifying  power  was  found  to  be 
required  in  order  to  identify  the  lines  in  the  solar  spectrum,  so  that 
the  hydrogen  spectrum  became  so  reduced  in  brightness  that,  in  order 
to  see  the  fainter  lines,  the  eye  required  to  be  kept  for  some  minutes 
in  the  dark  room,  although  with  a  spectroscope  of  low  power  the 
spectrum  appeared  very  bright  and  full  of  lines. — Monthly  Notices 
of  the  Itoi/al  Astronomical  ISocietij,  December  8,  1871. 


ON  THE  DISENGAGEMENT  OF  HEAT  WHEN  CAOUTCHOUC  IS 
STRETCHED.         BY  PROF.  E.  VILLARI. 

In  a  communication  made  to  the  Royal  Society  in  1857,  Joule* 
describes  some  investigations  on  the  thermal  effects  which  occur 
when  threads  of  various  substances  are  stretched  or  contract.  It 
results  from  an  accurate  investigation  of  this  subject  that  metal 
wires  cool  on  being  stretched,  and  become  heated  on  contrac- 
tion— but  that  threads  of  vulcanized  caoutchouc  have  quite  the 
opposite  comportment,  becoming  heated  when  they  are  stretched,  and 
cooled  when  they  contract.  This  remarkable  fact  has  since  been 
investigated  by  other  physicists,  for  instance  by  Govi-j-,  and  recently 
by  Pierre^,  and  always  with  the  same  result. 

In  my  recent  investigations  on  the  elasticity  of  caoutchouc,  I  had 
occasion  to  repeat  Joule's  experiment  on  threads,  cords,  and  strips 
of  caoutchouc  of  various  dimensions,  and  by  means  of  Vv„ry  simple 
apparatus.  It  consisted  of  a  thermopile  connected  with  a  galvano- 
meter, and  so  suspended  to  silk  threads  that  it  could  be  easily  lowered 
upon  the  caoutchouc  band  to  be  examined,  or  raised  away  from  it. 
The  strip  of  caoutchouc  was  thus  horizontal,  fastened  at  one  end  to 
a  strong  table,  and  at  the  other  to  a  lever,  so  that  it  could  be  readily 
stretched  and  afterwards  loosened.  Each  time  the  caoutchouc  was 
stretched  or  loosened,  the  thermopile  was  raised,  and  then  placed 
with  its  whole  weight  upon  the  caoutchouc,  so  as  to  determine  the 
change  in  temperature  produced. 

From  the  experiments  made  with  this  apparatus,  it  followed,  in 
accordance  with  the  labours  of  the  above-mentioned  physicists,  that 
caoutchouc  becomes  heated  on  being  stretched,  while  it  cools  on 
contraction.  I  may  mention,  as  a  new  fact  (for  I  am  not  aware 
that  it  has  been  already  observed  by  others),  that  the  absolute  value 
of  the  increase  of  temperature  on  stretching  is  greater  than  the  de- 
crease of  temperature  on  contraction.  This  difference  is  often  ob- 
servedwhen  the  increase  of  temperature  on  stretching,  and  the  decrease 

*  Phil.  Mag.  vol.  xiv.  p.  22G.  [This  remarkable  fact  was  first  noticed 
in  unvulcatiized  caoutchouc  by  John  Gougli,  by  simply  holdiug  the 
caoutchouc  against  tlie  lips  and  stietching  it.  See  Nicholson's  Journal, 
vol.  xiii.  (I80t))  p.  305.— Ed.  Pogg.  Annalen.^ 

t  Les  Mondes,  April  22,  1801). 

X  Ibid.  April  8  and  May  6,  1869, 
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on  contraction,  are  measured  by  the  thermopile.  Yet,  as  the  thermal 
indications  are  mostly  restricted  to  deliections  of  8  or  10  degrees  of 
the  galvanometer,  it  will  be  easily  understood  that  the  small  differ- 
ences arc  concealed  and  annulled  by  the  unavoidable  errors  in  such 
observations.  The  phenomenon  is  most  conclusively  demonstrated 
when  the  extensions  and  contractions  are  repeated  several  times  in 
succession,  in  such  a  manner  that  the  greater  increase  of  tempera- 
ture on  extension  may  accumulate  as  against  the  smaller  decrease 
on  the  corresponding  contraction.  And,  in  fact,  when  I  frequently 
and  successively  stretched  and  loosened  two  caoutchouc  threads,  one 
6  to  7  millims.  and  the  other  10  millims.  in  thickness,  1  observed 
with  the  thermopile  so  strong  an  increase  on  stretching,  tiiat  the 
deflection  of  the  galvanometer  amounted  to  GO,  70,  or  even  90°, 
especially  in  the  experiments  with  the  thicker  thread. 

I  repeated  the  same  experiments  on  two  caoutchouc  bands — one  a 
perfectly  smooth  one,  25  millims.  in  breadth  and  3  millims.  in  thick- 
ness, and  one,  which  was  rough  from  the  impression  of  the  fabric 
on  which  it  had  been  made,  27  rnillims.  in  breadth  and  4  millims.  in 
thickness.  Both  these  strips  gave  the  same  results  as  the  above- 
mentioned  threads — that  is,  became  strongly  heated  on  frequent  and 
rapid  stretching  and  loosening.  These  strips  were  frequently  drawn 
out  with  the  hand,  but  usually  by  means  of  the  above-mentioned 
lever,  the  motion  of  which  was  confined  by  means  cf  two  fixed 
points.  The  object  of  this  was  to  regulate  the  rapidity  of  the 
stretching  and  contraction,  and  thus  dissipate  a  doubt  I  had  enter- 
tained, that  the  generally  greater  velocity  on  contraction  might 
have  some  influence  on  the  result.  Hence  manifold  experiments 
were  made  with  the  bands  in  question.  Sometimes  the  stretch- 
in"  was  made  more  rapidly  than  the  contraction ;  and  sometimes 
the  latter  was  quicker  than  the  former.  In  all  cases  a  powerful 
increase  in  temperature  was  observed  in  the  strips  under  investiga- 
tion. To  give  some  idea  of  the  heating,  I  may  observe  that  a  hun- 
dred rapid  stretchings  of  the  band  which  was  3  millims.  in  thick- 
ness heated  it  so  that  the  thermopile  placed  upon  it  deflected  the 
galvanometer  to  the  extent  of  SO"^.  This  deflection  rapidly  les- 
sened. Similar  stretchings  made  with  the  band  which  was  4 
millims.  in  thickness  heated  it  still  more — so  that  the  pile  de- 
flected the  galvanometer  with  a  powerful  swing  to  d(f,  and  kejit 
it  so  for  several  minutes;  even  after  10  or  12  minutes  it  still 
deviated  from  zero.  By  only  ten  stretchings  the  galvanometer  de- 
flected 20°.  It  is  clear  that  the  shorter  the  time  in  which  the 
experiment  is  made  the  greater  is  the  increase  of  temperature;  for 
then  tbe  loss  caused  by  radiation  is  less.  In  re])eating  the  cxjicri- 
mcnt,  it  is  essential  that  the  j)ile,  whether  it  hangs  freely  or  is  placed 
upon  the  caoutchouc,  show  no  deflection  on  the  galvanometer.  As 
that  part  of  the  galvanometer  which  touches  the  pile  cools  sooner 
than  the  free  part,  I  have  assured  myself,  by  placing  the  pile  on  dif- 
ferent parts  of  the  strip,  that  it  had  everywhere  the  same  temperature 
as  the  vicinity. 

The    explanation   of  this    is    found   in  the  eonsuniitlion   of  force 
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-which  takes  place  in  stretching  and  in  contracting  the  caoutchouc. 
We  know,  in  fact,  that  when  the  permanent  gases  in  expanding 
perform  work  they  hecome  cooled,  and  the  more  so  the  more  they 
were  heated  while  in  the  compressed  state — and,  further,  that  the 
work  performed  on  compressing  a  gas  by  a  given  amount  is  equal  to 
that  which  it  produces  when  it  expands,  if  there  is  no  loss.  In 
caoutchouc  there  is  no  such  reciprocity,  owing  to  the  small  mobility 
of  the  particles  and  the  resistance  which  they  must  overcome  in 
order  to  displace  themselves.  Part  of  the  force  communicated  to 
them  is  used  up  in  internal  work,  and  during  expansion  is  con- 
verted into  work  ;  and  another  part  is  also  used  and  changed  during 
the  time  of  contraction.  Hence  it  is  that  the  force  used  in  the  ex- 
pansion of  the  caoutchouc  is  not  entirely  reproduced  in  the  contrac- 
tion. Such  a  conclusion  results  from  the  following  observation. 
In  studying  the  elasticity  of  caoutchouc,  I  have  observed  that  on 
adding  given  weights  this  substance  lengthens  to  a  greater  extent  than 
that  by  which  it  shortens  when  they  are  removed.  I  have  recently 
repeated  these  experiments ;  and  the  results  are  contained  in  the 
following  Table  : — 

Caoutchouc  thread  6  millims.  in  thickness.     Length  v/hile  loaded. 


Added. 

Kemoved. 

DiflTereiice  of 
the  loads. 

Loads. 

Lengths. 

Permanent     t       ii 
loads.         L«°g*^^^- 

1 
2 

\ 

5 
6 

7 

niillims. 

246-72 

310-42 

390-20 

476-58 

537-90 

586-10 

618-60 

1* 

2 

3 

4 

5 

G 

millims. 

254-50 

318-10 

41900 

493-20 

566-40 

622-60 

7-78 
7-68 
22-80 
16-62 
28-50 
36-50 

Each  load  corresponds  to  a  weight  of  640  grammes. 

It  follows  from  the  last  column  of  this  Table,  and  of  others, 
which  for  shortness'  sake  I  will  not  give,  that  when  a  given  load  is 
removed  the  thread  is  less  shortened  than  it  had  been  lengthened 
by  the  addition  of  the  load  ;  and  the  difference  is  greater  the  greater 
the  lengthenings  have  been. 

This  observation  leads  to  the  assumption  that  the  shortenings  are 
smaller  than  the  lengthenings,  not  on  account  of  diminished  elas- 
ticity, but  because  caoutchouc  in  its  contraction  does  not  develope 

*  These  experiments  were  made  by  adding,  one  after  the  other,  all  the 
stretching  loads  until  the  seventh,  and  then  taking  away  one  eacli  time 
in  the  same  order.  No  1  in  this  column  tliu-;  corresponds  to  a  single  jicr- 
manent  load,  while  all  the  others  were  removed;  No.  2  corresponds 
to  two  loads  when  the  others  were  removed,  and  so  with  the  other 
numbers. 
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the  same  force  as  in  its  lengtliening,  by  which  part  of  the  force 
which  would  be  exerted  in  contraction  is  consumed  in  internal  work 
and  changed  into  lieat.  Such  an  internal  work  must  of  course  also 
take  place  in  stretching,  by  which  caoutchouc  becomes  heated — by  a 
series  of  extensions  and  contractions,  because  part  of  the  force 
exerted  in  extension  is  changed  into  heat,  and  also  because  part  of 
the  mechanical  force  which  would  be  developed  in  contraction  is 
also  changed  into  heat.  We  might  perhaps  say  that  caoutchouc  is 
like  a  pasty  mass  in  which  the  particles  rub  against  each  other,  as 
in  the  production  of  heat.  However  this  may  be,  the  ex])lanation 
previously  given  of  the  development  of  heat  finds  a  brilliant  con- 
firmation in  experiments  which  Warburg  has  recently  made  in  the 
celebrated  laboratory  of  Magnus.  He  proves  by  various  experi- 
ments that  solids,  when  they  give  or  transmit  a  tone,  become 
heated,  because  the  original  vis  viva  is  changed  into  internal  work 
and  into  heat,  by  which  the  bodies  develope  more  heat  than  the 
sound-motion  inherent  in  them  or  transmitted  by  them  destroy. 
Of  all  bodies  investigated,  caoutchouc  is  that  which  becomes  most 
heated,  bccauseit  most  rapidly  extinguishes  the  sound-vibrations.  The 
analogy  between  Warburg's  observations  and  my  own  is  comjjlete  ; 
and  the  explanations  agree  coni])letely  with  the  data  previously 
given.  We  may  then  draw  the  conclusion  that  those  bodies  which 
become  cooled  on  stretching,  and  heated  on  contraction,  must  also  be 
heated  by  a  series  of  repeated  raj)id  extensions,  because  in  such 
bodies  also  part  of  the  force  consumed  must  change  into  internal 
work  and  therefore  into  heat. — Poggendorff's  Annalen,  No.  10,  1871. 


ACTUAL  ENERGY. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 
At  page  92  of  Professor  Clerk  Maxwell's  'Theory  of  Heat'  (which 
I  have  no  hesitation  in  characterizing  as  the  best  existing  elementary 
treatise  on  any  branch  of  physical  science)  I  find  the  following  state- 
ment:— "  We  cannot  even  assert  that  all  energy  must  be  eitlier  po- 
tential or  kinetic,  though  we  may  not  be  able  to  conceive  any  other 
form." 

Now  I  have  to  remark  that  this  was  the  very  reason  which  induced 
me  in  1853  to  propose  the  word  "  actual "  for  denoting  energy  that 
is  not  potential,  rather  than  any  word  expressly  denoting  motion, 
and  which  still  induces  me  to  prefer  the  word  "  actual "  to  the  word 
"  kinetic  "  for  that  purpose. 

I  am,  Gentlemen, 

Your  most  obedient  Servant, 

W.  J.  Macqioun  IIankine. 
Glasgow,  January  23,  1S72. 
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XIX.  On  the  Constitution  of  Matter.  By  M.  B.  Pell,  B.A., 
Professor  of  Mathematics  in  the  University  of  Sydney,  late  Fel- 
loiv  of  St.  John's  College,  Cambridge^. 

IN  the  following  paper  an  attempt  is  made  to  r.ccount  for 
some  of  the  properties  of  matter  upon  mechanical  principles. 
I  assume  that  solid  bodies  consist  of  isolated  atoms,  whose  linear 
magnitudes  are  so  small  compared  with  the  distances  between 
them,  that  the  atoms  may  be  supposed  incapable  of  giving  or  of 
receiving  any  energy  except  that  of  translation — and  that  the 
mutual  action  between  two  atoms  is  some  function  of  their  dis- 
tance, and  acts  in  the  line  joining  their  centres  of  gravity. 

Some  writers,  whose  opinions  are  entitled  to  much  respect, 
have  expressed  an  entire  want  of  faith  in  the  theory  of  isolated 
atoms  acting  upon  one  another  at  a  distance;  and  some  even 
hold  that  such  a  state  of  things  is  inconceivable.  This  is  one  of 
those  half  metaphysical  questions  upon  which  perhaps  no  two 
men  would  be  found  to  be  exactly  agreed;  but  to  me  it  stems 
no  more  difficult  to  conceive  that  atoms  should  have  been  created 
with  the  property  of  acting  upon  one  another  at  a  distance,  than 
it  is  to  conceive  that  they  should  have  been  created,  or  have  in 
any  way  come  to  exist  or  to  have  any  properties  at  all.  It  may 
be  that  the  bodies  of  the  solar  system  do  not  act  upon  one  an- 
other directly ;  but  they  appear  lo  do  so,  and  we  are  content  to 
assume,  provisionally  at  all  events,  that  they  do  really  so  act. 

*  Communicated  by  the  Author.     From  the  Proceedings  of  the  Royal 
Society  of  New  South  Wales,  having  been  read  September  6,  1871. 
Phil.  Mag.  S.  4.  Vol.  43.  No,  285.  March  1872.  M 
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There  should  be  no  difficulty  then  in  making  a  similar  supposi- 
tion respecting  the  atoms  of  which  matter  is  assumed  to  consist. 

If  matter  does  not  consist  of  isolated  atoms  but  is  continuous^ 
any  inquiry  into  its  real  nature  would  seem  as  hopeless  as  a 
similar  investigation  respecting  time  or  space.  We  could  not 
hope  to  give  any  explanation  of  the  facts,  for  instance,  that  gold 
is  yellow  and  soft,  and  expands  under  the  action  of  heat,  except 
that  it  consists  of  little  bits,  all  of  which  possess  those  properties. 
It  will  be  time  to  confess  that  we  are  reduced  to  such  a  method 
of  accounting  for  the  phenomena  of  nature  when  every  other  has 
been  found  to  fail. 

I  have  endeavoured  to  assume  as  little  as  possible  respecting 
the  mutual  action  of  two  atoms,  except  that  it  must  be  such  a 
function  of  the  distance  as  to  satisfy  the  most  obvious  properties 
of  matter.  Leaving  out  of  consideration  for  the  moment  all 
theories  except  that  of  gravitation,  let  us  consider  what  are  the  • 
facts.  Let  us  consider  the  mutual  action  between  two  atoms  or 
molecules,  or  particles,  or  w  hatever  they  may  be,  of  a  substance 
such  as  mercury,  which  is  capable  under  ordinary  circumstances 
of  existing  in  the  solid,  the  liquid,  or  the  gaseous  state.  As 
mercury  has  weight,  we  can  hardly  doubt  that  at  a  sufficient 
distance  two  particles  of  that  substance  attract  one  another.  At 
some  less  distance  they  repel  one  another,  whatever  be  the  cause ; 
for  the  vapour  of  mercury,  whether  in  vacuo  or  w  hen  mixed  with 
the  air,  tends  to  diffuse  itself.  At  a  still  less  distance,  in  the 
liquid  state,  the  particles  cohere  slightly,  or  attract  one  another, 
appearing  to  be  in  a  relative  position  of  unstable  equilibrium. 
At  a  slightly  diminished  distance,  the  mercury  becomes  solid  and 
the  attractive  force  considerable.  The  solid  mercury  resists 
further  compression,  so  that  the  action  again  becomes  repulsive. 

During  the  last  century,  Boscovich  propounded  a  theory  of 
alternate  attractions  and  repulsions ;  but  I  am  not  aware  of  the 
exact  nature  of  his  investigations  or  speculations,  never  having 
had  an  opportunity  of  consulting  his  works.  They  do  not  ap- 
pear to  have  borne  fruit,  or  to  have  been  received  with  much 
favour.  It  is  hardly  correct,  however,  to  ap})ly  the  word  theory 
to  these  attractions  and  repulsions ;  we  should  rather  say  that 
they  are  obvious  facts,  requiring  some  theory  for  their  explana- 
tion. One  theory  may  be  stated  thus :  the  action  between  two 
particles  is  some  function  of  their  distance  x,  which  for  consi- 
derable distances  is  sensibly  equal  to  -^,  but  for  very  small  dis- 
tances changes  sign  several  times,  becoming  finally  large  and 
negative,  or  repulsive.  Let  us  consider  whether  ihcre  is  any 
other  tenable  hypothesis. 

The  dynamical  theory  of  gases,  due  chiefly  to  the  labours  of 
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Clausius  aud  Maxwell,  helps  us  somewhat.  This  theory  maybe 
regarded  as  established,  and  as  forming  the  most  important 
addition  which  has  been  made  to  our  real  knowledge  of  the  laws 
of  inorganic  matter  in  this  generation.  Maxwell,  for  reasons 
assigned,  assumes  that  the  gaseous  molecules  repel  one  another 
according  to  a  certain  law  whicli  makes  the  force  insensible,  ex- 
cept at  very  small  distances.  The  theory  of  elastic  molecules 
involves  a  similar  assumption ;  for  the  elasticity  of  the  molecules 
must  be  caused  by  a  repulsive  action  between  their  atoms,  unless 
we  are  to  accept  an  elastic  molecule  as  a  finality,  beyond  which 
our  inquiries  into  the  nature  of  matter  cannot  extend.  The  con- 
densible  gases  and  vapours  so  closely  resemble  the  permanent 
gases  in  so  many  of  their  properties,  that  it  is  impossible  not  to 
believe  that  they  are  governed  by  the  same  laws.  If  the  mole- 
cules of  hydrogen  repel  one  another  at  certain  distances,  we  can- 
not doubt  that  the  same  is  true  with  respect  to  chlorine,  and 
carbonic  acid  gas,  and  steam.  Indeed  it  would  be  difficult  to 
know  where  to  draw  the  line  between  hydrogen  and  the  most 
refractory  solid.  But  if  the  molecules  of  carbonic  acid  gas  be 
brought  near  enough  together,  they  undoubtedly  attract,  and  at 
still  shorter  distances  again  repel  one  another.  If  we  assume  the 
existence  of  isolated  atoms,  there  seems  no  escape  from  the  doc- 
trine of  an  alternation  of  actual  attractions  and  repulsions. 

Sir  Humphry  Davy  supposed  that  the  repulsive  forces  between 
the  particles  of  matter  might  be  of  a  nature  analogous  to  that 
which  keeps  the  planets  from  falling  into  the  sun,  or  to  what 
commonly  goes  by  the  name  of  centrifugal  force.  Except  that 
this  view  of  the  case  is  mentioned  with  approval  by  a  recent 
writer,  I  should  not  have  thought  it  necessary  to  make  use  of 
any  arguments  to  show  that  the  complicated  actions  which  take 
place  between  particles  of  matter  cannot  be  accounted  for  by 
Newton^s  law  of  attraction  alone.  That  the  particles  of  a  solid  body 
should  be  not  only  kept  apart,  but  in  permanent  general  relative 
positions,  by  centrifugal  force  alone,  seems  to  me  utterly  incon- 
ceivable under  any  known  mechanical  laws.  It  may  be  demon- 
strated moi-eover,  assuming  the  theory  of  atoms,  that  the  cohe- 
sive forces  of  any  substance,  having  any  appreciable  tenacity,  are 
not  only  greater,  but  many  millions  of  times  greater  than  what 
would  be  caused  by  Newton's  law.  It  is  so  far  certain,  then, 
that  that  law  is  not  absolutely  universal,  but  is  replaced  or  sup- 
plemented by  something  totally  different  at  very  short  distances. 

The  atoms  or  particles  of  a  solid  body  certainly  seem  to  be  in 
a  position  of  stable  equilibrium,  or  rather  to  be  vibrating  about 
such  a  position;  and  there  secins  no  good  reason  for  doubting 
that  such  is,  not  apparently  only,  but  really  the  case.  The  fol- 
lowing considerations  seem  to  me  to  show  conclusively  that  it 

]\I  2 
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cannot  be  the  law  of  nature  that  two  atoms  should  attract  one 
another  for  all  distances,  however  small.  It  seems  natural  to 
suppose  that  the  total  quantity  of  heat  or  energy  in  any  solid 
body  or  collection  of  atoms  is  finite,  and  capable  of  being  ex- 
pressed as  some  function  of  the  masses,  velocities,  mutual  actions, 
and  relative  coordinates  of  the  atoms.  Now,  if  the  atoms  attract 
one  another  for  all  distances  however  small,  up  to  actual  contact, 
then  the  potential  energy,  or  that  due  to  any  relative  ])osition  of 
the  atoms,  would  depend  partly  upon  the  magnitude  and  internal 
constitution  of  the  atoms  themselves,  and  would  be,  huitianly 
speaking,  incapable  of  definite  expression.  If  the  atoms  be  sup- 
posed to  be  mere  points  or  centres  of  force  having  inertia  but  no 
magnitude,  then  the  potential  energy  due  to  the  relative  ])Osition 
of  the  atoms  of  any  solid  body  is  infinite.  Tiiese  difficulties 
disappear  if  we  accept  the  fact  which  stares  us  in  the  face,  that 
the  tiual  action  between  two  atoms  when  the  distance  is  dimi- 
nished is  repulsive,  and  that  for  any  two  atoms  of  a  solid  body 
there  is  a  relative  position  of  stable  equilibrium  short  of  actual 
contact  or  coincidence. 

Certain  considerations  in  connexion  with  the  dynamical  theory 
of  gases  require  us  to  suppose  that  the  particles  of  a  gas  are  not 
atoms,  but  molecules  or  collections  of  atoms.  The  facts  revealed 
by  the  spectroscope  indicate  also  that  the  particles  of  vapours, 
even  in  their  most  attenuated  condition,  have  a  complicated 
constitution,  and  that  they  probably  consist  of  a  considerable 
number  of  atoms.  Presuming  that  the  mutual  action  of  atoms 
is  the  cause  of,  and  of  the  same  kind  as  that  which  takes  place  be- 
tween molecules,  that  action  may  be  rather  rudely  represented 
by  the  ainiexed  diagram.     The  abscissa  represents  the  distance 


between  two  atoms,  and  the  ordinatcs  the  force,  the  positive  or- 
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dinate  representing  attraction.  Supposing  one  atom  fixed  at  0, 
A  is  a  position  of  stable  equilibrium  for  the  other,  and  corre- 
sponds to  the  solid  state  at  the  absolute  zero  of  temperature; 
]3  is  a  position  of  unstable  equilibrium,  and  corresponds  to  the 
liquid  state.  Distances  greater  than  0  B  correspond  to  the  con- 
dition of  gas  or  vapour.     It  is  necessary  to  suppose  that  in  all 

cases  AB  is  small  compared  with  0  A,  and  that  -;-  is  large  at 

the  point  A,  but  generally  small  at  the  point  B.  I  do  not  know 
that  we  have  any  means  of  forming  an  opinion  as  to  the  relative 
magnitude  of  0  C  ;  but  such  a  point  as  C  must  exist  if  we  assume 
the  transition  from  Newton^s  law  to  that  of  gaseous  repulsion 
to  be  gradual.  This  necessitates  the  existence  of  a  maximum 
negative  ordinate  D  Q.  It  may  be  remarked  that  the  distance 
0  D  would  correspond  to  the  saturation-point  at  the  absolute 
zero  of  temperature;  for  supposing  a  number  of  equidistant 
atoms  in  a  confined  space,  if  the  distances  be  intermediate  in 
magnitude  between  OB  and  0  D,  the  equilibrium  is  unstable, 
but  for  distances  greater  than  O  I)  it  is  stable.  For  refractory 
solids  E  P  must  be  large,  and  D  Q  comparatively  very  small. 
Por  gases,  A  B  or  E  P  or  both  are  probably  very  small,  and  D  Q 
must  be  very  large  compared  with  its  magnitude  for  non-volatile 
substances. 

If  a  small  velocity  be  impressed  upon  the  moveable  atom  in 
the  direction  0  x,  it  will  oscillate  about  A.  If  the  initial  velo- 
city be  increased  to  a  certain  value  (that  is,  under  the  action  of 
a  certain  amount  of  heat),  the  atom  will  just  reach  B  and  there 
remain.  With  a  greater  velocity  it  will  pass  beyond  B,  and  the 
solid  connexion  between  the  atoms  will  be  destroyed.  It  may 
be  seen  without  any  mathematical  investigation  that  the  vibra- 
tory motion  about  A  produces  two  effects. 

(1)  It  increases  the  mean  distance  between  the  atoms  ;  that 
is,  it  produces  expansion. 

(2)  It  diminishes  the  cohesive  force  between  the  atoms ;  that 
is,  it  produces  softening. 

If  the  initial  velocity  be  sufficient  to  carry  the  atom  to  B,  the 
cohesive  force  is  entirely  destroyed,  and  the  condition  is  that  of 
perfect  liquidity,  the  mean  distance  between  the  atoms  being 
then  O  B.  It  may  be  observed  that  the  greater  the  initial  velo- 
city, and  the  more  nearly  in  consequence  the  atom  approaches  B 
(the  position  of  unstable  equilibrium),  the  greater  is  the  propor- 
tion of  energy  in  the  potential  or  latent  state.  If  the  atom  just 
reaches  B,  the  whole  energy  becomes  latent. 

With  reference  to  the  obvious  objections  that  the  liquid  state, 
as  thus  represented,  is  one  of  absolute  instability,  and  that  the 
whole  of  tile  heat  aj)pears  to  become  latent,  I  must  remark,  in 
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the  first  place,  that  ])robably  tlic  liquid  condition  cannot  exist 
with  any  permanence  except  under  the  combined  effects  of  tem- 
perature and  pressure ;  and  in  the  second  place,  I  must  anticipate 
so  much  as  to  say  that  I  hope  to  succeed  in  showing  that  it  is 
probable  that  the  atoms  of  a  solid,  under  the  action  of  heat,  ag- 
gregate themselves  into  molecules,  and  assume  the  liquid  and 
gaseous  conditions  at  a  far  lower  temperature  than  what  could 
correspond  to  the  velocity  necessary  to  carry  the  atom  from  A 
to  B.  That  velocity  corresponds,  not  to  the  melting-point  of 
the  substance,  but  to  the  far  higher  temperature — higher  jierhaps 
than  any  at  present  existing  in  the  solar  system,  under  which  a 
molecule  woukl  be  resolved  into  atoms. 

If  X  be  the  distance  between  the  atoms,  and/(a,')  the  dynami- 
cal measure  of  the  attraction  between  them,  the  conditions  which 
have  been  stated  may  be  approximately  expressed  by  supposing 

where  0  A  =  a,  0B  =  /3,  and  ^{x)  is  a  function  which  does  not 
change  sensibly  within  the  small  limits  £C=oi.,  x=^.  Let 
P  —  a  =  h,  a:  =  ix+z,  h  and  z  being  supposed  small  compared 
with  a ;  then 

=  z{h  —  z)^cf){tx.)  nearly. 
Put  /'(a)  =  F(^(a)  =  m%  then 

It  must  be  observed  that  this  is  little,  if  any  thing,  more  than 
a  statement  in  a  mathematical  form  of  some  of  the  most  obvious 
properties  of  ordinary  matter.  It  remains  to  be  seen  whether 
this  statement  or  assumption  is  consistent  with,  and  can  explain 
other  and  more  recondite  ])roperties. 

In  order  to  satisfy  approximately  the  condition  that  /'(/S) 
must  be  very  small,  I  have  made  it  zero,  giving  to  f{x)  =0 
three  roots  equal  to  y8.  Any  odd  number  of  roots  would  appa- 
rently do  as  well  as  three,  but  there  are  good  reasons  for  believing, 
as  I  shall  show  hereafter,  that  3  is  the  correct  index. 

The  equation  of  motion  is 

whicli  may  be  solved  approximately  when  z  is  small  compared 
with  /t.     Neglecting  the  last  term,  the  equation  may  be  written 
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When  ^  =  0  let  2  =  a,  -f.  =^}  where  j  is  small.     For  a  first 

approximation  we  have 

z  =  a  COB  mt. 

By  the  usual  method  of  successive  approximations,  z  may  be 

developed  in  terms  of  j.     The  process  requires  some  care,  but 

involves  no  particular  difficulty ;  so  that  it  will  be  sufficient  to 
give  the  result,  which,  to  the  degree  of  approximation  required 
for  the  present  purpose,  is 

z  =  a[A.  cos  cmt  +  B/j  +  C  cos  2cmt  +  I>p^  cos  3cm^] , 


where 


a 


A  =  l-p+§!, 


c= 


3(1-%^), 


^-32' 


4 

c  being  a  factor  nearly  equal  to  unity,  which,  as  in  the  lunar 
theory,  it  is  necessary  to  introduce.  In  conducting  the  approxi- 
mations, the  condition  s=-a  when  ^  =  0  is  preserved  throughout. 
The  last  term  is  not  made  use  of  in  the  final  application  of  the 
result,  but  is  required  in  the  course  of  the  approximations. 

The  temperature  may  be  assumed  to  be  proportional  to  the 
average  vis  viva,  or  to 


r(S)' 


2 

^^'"    (A2  +  4/C2), 


277-  2 

cm 
which,  neglecting  higher  powers  oip, 


O-^-:0 
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This  is  proi)ortional  to  r,  the  absolute  temperature;  so  that  wc 
may  put 

where  \  is  some  constant.  If  M  be  the  mass  of  an  atom,  II  the 
(juantity  of  heat  to  each  atom,  J  the  mechanical  equivalent  of 
heat, 

where  u  is  the  velocity  when  z  =  0.     It  may  be  easily  shown  that 

antl  approximately, 

/-^(l-2^;+  -{j^\  =  \t  + 


16 


„     Mm'^h'^XT  /,       21Xt  \ 


If  s  be  the  specific  heat  at  the  temperature  t,  or  the  quantity 
of  heat  necessary  to  raise  a  unit  of  mass  through  one  degree, 

If  (T  be  the  s])ccific  heat  at  the  absolute  zero, 

where 

_  2J^o-        _  21J^o- 
7nVi'^'     ^~  ^viVfi' 
The  expansion  is 


in 

zdt 


r 


mc 
and  the  rate  of  expansion 
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=  ?MI(i+9Xt) 
a 

=  eT(l  +  e,T), 

which  is  In  accordance  with  the  known  laws  of  expansion,  c  and 
e^  being  constants. 

Suppose  a  solid  body  consisting  of  n  equal  atoms,  and  let  xi/z 
represent  a  very  small  displacement  of  an  atom.  There  will  be 
3n  linear  differential  equations  for  the  determination  of  such 
quantities  as  xyz ;  and  it  may  be  shown  that 

a;  =  '2a cos  [fit-]- 1),     y  =  'S,b  cos  {fit -{-I),     ^  =  Sccos  (/a/  +  /), 

where  fj,  and  /  have  Sn  different  values  which  are  the  same  for 
all  quantities,  such  as  Xf/z.  The  displacement  being  small,  and 
no  change  in  the  constitution  of  the  body  being  supposed  to  take 
place,  terms  involving  e'  or  e~^  cannot,  from  the  nature  of  the 
case,  occur.     The  whole  heat  for  this  atom  is  proportional  to 

^^/MXa^  +  b^'  +  c^); 

aud  the  heat  developed  as  temperature  is  proportional  to  one  half 
the  non-periodic  terms  in 

It  follows,  therefore,  that  for  every  atom,  at  very  small  tem- 
peratures, one  half  the  heat  is  developed  as  temperature  and  the 
remainder  is  latent.  If,  then,  there  be  two  bodies  the  masses  of 
whose  atoms  are  M  and  M,  respectively,  at  the  same  small  tem- 
perature the  whole  heat  per  atom  will  be  the  same  for  both  ;  and 
if  a  and  a^  be  their  specific  heats  at  the  absolute  zero  of  tempe- 
rature, we  have 

Mo-=M,o-i, 

which  accords  with  what  is  called  the  constancy  of  the  atomic 
heat  of  simple  substances  in  the  solid  state.  For  such  substances 
we  should  have  Ma  =  K,  where  k  is  constant.  If  it  were  possible 
for  two  atoms  M  and  M^  to  become  united  into  a  single  atom, 
and  s  were  the  absolute  specific  heat  of  the  compound,  we  should 
have  (M  +  Mj)s  =  a:.  But  when  two  equivalents  are  chemically 
combined,  it  is  found  that  {M  +  M^)s  =  2k  ;  and  if  there  be  jo  of 
one  and  q  of  the  other, 

{pM  +  qM,)s={p-{-q)K. 
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This  is  what  might  be  infcircd  from  tlic  above  considerations ; 

for  — ~ —  is  the  averapre  mass  of  an  atom  of  the  compound, 

p-\-q 

and^- --'  s  the  averap-e  heat  per  atom  to  produce  a  rise  of 

p  +  q  °  ' 

1°  from  the  absolute  zero,  and  therefore  equal  to  k. 

This  subject  is  very  fully  treated  in  a  valuable  memoir  by 
Kopp  in  the  Philosophical  Transactions.  He  points  out  that 
the  circumstance  that  k  is  nearly  the  same  for  most  simple  solids, 
does  not  indicate  necessarily  that  they  are  really  simple,  but  that 
they  are  of  the  same  order  of  composition.  There  is  some  diffi- 
culty in  the  theory,  however;  for  Kopp  remarks  that  the  known 
change  of  specific  heat  with  change  of  temperature  is  not  suffi- 
cient to  account  for  the  observed  diflferences  in  the  values  of  k, 
even  for  those  substances  which  nearly  satisfy  the  law.  This 
difficulty  disappears,  I  think,  when  we  observe  that  the  quantity 
estimated  and  recorded  as  the  atomic  heat  is 
Mo-(l  +  eT), 

and  although  e  is  very  small  it  is  different  for  different  sub- 
stances, and  T  being  the  absolute  temperature  is  considerable. 
If  we  had  the  means  of  reducing  the  observations  with  certainty 
to  the  absolute  zero,  it  is  probable  that  the  discrepancies  would 
disappear. 

The  most  general  case  which  I  have  yet  attempted  to  investi- 
gate in  connexion  with  the  motion  of  atoms,  is  that  of  n  atoms  in 
a  straight  line.  This  is  far,  of  course,  from  being  an  arrange- 
ment which  the  atoms  of  a  molecule  would  really  assume  and 
maintain:  but  it  is  a  theoretically  possible  combination;  and 
having  some  generality,  its  consideration  may  enable  us  to  form 
by  analogy  an  idea  of  the  nature  of  molecular  arrangements,  and 
lead  the  way  to  something  better. 

I  undertook  the  investigation  originally  for  the  purpose  of  de- 
termining the  laws  of  expansion  and  change  of  specific  heat,  but 
I  have  been  led  to  conclusions  having  rcterencc  to  phenomena 
of  far  greater  interest  and  imj)ortaiice. 

The  law  of  force  which  I  have  assumed  affords  a  reasonable 
general  explanation  of  some  of  the  phenomena  relating  to  gases 
and  vapours,  such  as  the  change  of  specific  heat  with  change  of 
temperature,  and  condensation  at  the  dew-point.  It  points  also 
to  an  essential  distinction  between  gases  and  vapours  in  the 
nature  of  the  encounters  between  the  molecules.  I  must,  how- 
ever, defer  the  consideration  of  these  and  many  other  questions 
to  some  future  occasion,  briefly  stating  the  principle  upon  wiiich 
the  change  of  specific  heat,  of  which  the  absorption  of  heat  in 
liquefaction  and  in  vaporization  arc  particular  cases,  seems  to 
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depend.  If  any  system,  not  subject  to  loss  of  energy  by  friction 
or  any  similar  cause,  be  vibrating  about  a  position  of  stable  equi- 
librium, the  average  proportion  of  the  energy  in  a  potential  state 
depends  greatly  upon  whether  or  not  there  is  any  position  of 
unstable  equilibrium  within,  or  nearly  within,  the  scope  of  the 
motion.  When  the  system  passes  slowly  through  such  a  posi- 
tion, a  large  proportion  of  the  energy  becomes  potential ;  and  if 
the  motion  constitutes  heat,  a  large  proportion  of  the  heat  be- 
comes latent.  The  existence  of  the  position  of  unstable  equili- 
brium, B,  appears  to  be  the  chief  cause  of  the  various  changes 
which  are  observed  in  the  specific  heats  of  solids,  gases,  and 
vapours. 

Let  there  be  n  equal  atoms  in  a  straight  line  acting  upon  one 
another  according  to  the  law  already  assumed,  and  slightly  dis- 
turbed in  that  line  from  their  positions  of  stable  equilibrium. 
Let  the  displacements  at  time  /  be  represented  by  x^,  x^, . .  •  x,.. . . 
The  equations  of  motion  to  a  first  approximation  are 

1  d^x^  _ 

1   d'^Xci     n     _ 


or,  putting  ^forl(l)  +2, 


{q-l)x^=x^, 


> m 


{g—l)x„=,v„_,. 

Let  these  equations  be  multiplied  by/j,  /2, . .  ./^ . . .  respectively 
and  added  together ;  and  let  all  the  terms  disappear  from  the 
resulting  equation,  except  that  involving  x^.  We  must  have  then 

qfr=fr-i+fr+l. 

This  gives  us 

/,=Acos(r^  +  B), 
where 

g  =  2cos^. 

The  condition  that  x^  disappears  is 

(2cos^-l)/i=/2, 
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whence  Bss —^^;  and  supposing /j  =  l,  we  have 
.  _  cos  {r—\)d 

The  coefficient  of  Xn  in  the  resulting  equation  is 

/n        a     -isr      J-              2sin?2^sin|^ 
(2  cos^-l)/„ -/„_,= cosi^       ' 

and  the  equation  is 

2  sin  n^  sin  i^  ^ 

COS  ^  ^  " 

In  a  similar  manner  \vc  obtain 

2sin?<^sin^^     _ 
cosi^  ' 

and  since  2  cos  6 .  Xr'=Xr^i-\-Xr-\-\, 

c7',.=Acos(?-^  +  B). 
The  first  equation  gives  B=  —\6,  and  therefore 
.T,.  =  Acos  {r  —  ^)6, 
a:i  =  Acos^^, 
_  cos  {r—\)6 

Xy.    —^  Xt, 

COS  ^6/         * 
If  we  put  -—  —y,  we  have 

sin  w^=  sin  ^(2  cos  ^  —  2  cos  27) (2  cos^  — 2cos  Jy)  . . . 
(2  cos  d-2  cos  2(?i-l)7)^ 
2  sin  710  sin  \  6 
cos|^ 

=  4  sin^  i 6/ ( - 4  sin^  1^  +  4  siu^ 7) ( -4  sin^  i  ^  +  4  sin^  27) . . . 
And  since  2  cos  6=  ,-^(|)V2,   -4sin^  },e  =  1,(0,  the 
equation  for  determining  Xi  becomes 

dpw  +  ^-0  ■■ -[Mi  ^^V---b? +>'■-}''=''■  ■  (2' 

where  ai,=2;«  sin  5y,  s  being  any  number  from  1  to  n— 1. 
If  -^.-  =0  when  /  =  0,  for  .all  values  of  ;•  we  have 
A-,  =  «  +  r/,  cos^/+  ...  +0^C0SflJ-i    ...r/„_,cos^„_,/. 
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where  a,  a,, . . .  Oj  are  arbitrary  constants.     It  may  be  easily 
shown  that  a  is  the  same  for  all  values  of ;-,  since 

_  cos  {r  —  \)6 
'^'■~       cos^^       ""'' 

and  that,  when  operating  upon  coi  jjlJ,  9  =  2sy  ; 

„s=«-i     COS  (2;-— 1)57  ,  -„, 

x,=a  +  z,_.    Os ^ '—^  cos  fist.      .     :     (3) 

s-i  cos^y 

U  Xr=0  when  /  =  0,  for  all  values  of  r  we  find  in  the  same  way 

^,=w+2::;-4/^i(?^=lfe^si„M    .  .   (4) 

s-l         "  cos  57  *  ' 

r  being  the  number  of  the  atom^  5  the  number  of  the  term  in 
a-v,  and  b,  b^, . . .  arbitrary  constants. 
Suppose  the  initial  conditions  to  be 

where  cf)  is  of  any  given  form.  For  the  determination  of  the 
arbitrary  constants,  we  have  n  equations  of  the  form 

^s-n-i     cos  (2r— 1)57 

T\  /  s-l         «  cos  57  ^    ' 

It  may  be  shown  that,  if  ^;  and  q  be  any  two  integers, 
2[!^"cos  (2r  — l);3y  cos  (2r— 1)^7  =  0, 

except  when  p  =  q,  when  the  sum  is  -.     If,  then,  the  equations 

of  the  form  (5)  be  multiplied  respectively  by  cos  57,  cos  3^7, . . . 
cos  (2r  — 1)57.  . .  and  added  together,  all  the  terms  on  the  right- 
hand  side  disappear  except  those  involving  Os,  and  we  have 


S       0  (r)  cos  (2;-  —  1  )sy  =  - 
'■=1^^  ^        ^  ^  '      :^cossy 


9 


and  adding  together  equations  (5)  as  they  stand, 

X<f>{7-)=na, 

.'.  X  =-X(b(r) 
n     ^ 

+  I  S;:r'  K7l  (<f>{r)cos{2r-l)sy')  cos  (2;-l>7  cos  /.,/.     (G) 
If  the  initial  conditions  be   ^;.  =  0,  -~-=(p^[r),  then,  from 
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equation  (4), 

,  ,  ,      ,     -^,       cos(2r  — l)s7 

These  equations  give,  as  before, 

v''="jL  f  \         to       ^\      —    "/^**» 
2._,d),(r)cos  (2/-  — l)sy=- > 


2</),(r)  =?ii  ; 


^  ^s  =  n-\^rA   f  \        m         IN     ^  COS  (2r— l)s7     .  ,_, 

+     2_,      2(<^,(r)cos(2r-l>7) ^— ^^sin^      (7) 

which  completes  the  solution  to  a  first  approximation. 

It  maj'  be  observed  that  the  formula  given  by  Poisson  for  the 
longitudinal  vibrations  of  an  elastic  rod  may  be  easily  deduced 
from  the  above  results.  It  is  remarkable  also  that,  by  putting 
^  =  0  and  ,Vr  =  <j){r)  in  equation  (6),  a  general  analytical  theorem 
may  be  deduced,  of  which  Lagrange's  theorem,  that  when 
<^(O)=Oand0(«)  =  O, 


nirx\   .    nirx 
I  sm 


is  a  particular  case. 

In  order  to  determine  how  the  system  would  vibrate  if  dis- 
turbed and  then  left  to  itself,  suppose  the  first  atom  to  receive 
a  blow  impressing  upon  it  a  velocity  ma,  which,  if  the  next  atom 
were  fixed,  would  cause  it  to  vibrate  through  a  space  a  nearly, 
a  being  small  compared  with  h.  AVe  have  then  «i>{r)  =0, 
^,  (r)  =ma  when  ?•=!,  and  zero  for  all  other  values. 

20i(r)  cos  {2r— 1)57  =  wia  sin  S7, 
S^i(0  =ma, 

mat  ,  «.^s=n-i   .     --J       ,^       .        . 

Xr= 1-  -2     ,     sni  (2r— l)s7sm/i/ 

n        n    *=' 

The  nature  of  the  vibrations  will  be  the  same,  and  the  term 
— ,  denoting  the  general  motion  of  translation  of  the  system, 
be  avoided,  by  supposing  the  initial  conditions  to  be 
</)(r)  =  - X  sin  (2/—  1  )sy,     (/),  (r)  =  0 ; 

then 

Xr=  -2''^"~'sin(2r— l)s7Cos/i,/. 
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Since  2n7r=7,  it  is  evident  that 

SO  that  the  motion  is  symmeti'ical  about  the  middle  point.  If  n 
be  an  odd  number  the  central  atom  will  remain  at  rest.  These 
conclusions  hold  for  the  higher  approximations  as  well  as  for  the 

first. 

The  whole  energy  is  —^r—  ;   and  the  vibratory  energy,  whicb 

71  ~~  1 

alone  is  represented  in  the  above  value  of  x^,  is  — —  m^a^.  The 
beat  developed  as  temperature  for  the  rth  atom  is 

wV^    -2        -2/0        ^^  wV(w  — 1) 

-^2sm^S7sm2(2?— 1)S7=  — ^^^ 

and  is  the  same  for  all,  the  mass  of  an  atom  being  here  supposed 
to  be  unity. 

Subject  to  no  external  disturbance  whatever^  any  number  of 
atoms  mij;ht  vibrate  together  in  the  manner  indicated ;  but  this 
is  a  condition  which  can  never  exist ;  for  the  atoms  of  a  molecule 
of  vapour^  even  during  the  interval  between  their  encounters,  are 
subject  to  acceleration  or  retardation,  as  the  case  may  be,  from 
the  action  of  the  jEther  in  which  they  must  be  supposed  to  be 
immersed.  A  notion  may  be  formed  of  the  effect  oi'  an  external 
disturbance  upon  such  a  system  as  that  under  consideration,  by 
supposing  an  additional  atom  at  the  beginning  of  the  series  con- 
strained to  move  according  to  a  particular  law.  Let  Xq  be  the 
displacement  of  this  atom,  and  suppose 

a'Q  =  a  cos/u,^, 

a  being  small  compared  with  h.     The  equations  of  motion  are 

^^j  =  Xq  -\-  Xc^j 


where,  as  before, 


qXr=Xr+\+XrJ,u 
{q  —  l)Xr,  =  Xn-x, 


If  these  equations  be  multiplied  by  /„  /a, .  • .  respectively  and 
added  together,  and  all  the  terms  disappear  from  the  resulting 
equation  except  those  involving  Xq  and  x^,  we  have 

2  cos  ^/,  =/._,+/,+,, 

which  gives  /  =  A  sin  [rd  +  B) . 
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The  condition  2/,  cos  ^=/2  gives  B  =  0;  so  supposing/,  =  1, 
we  have 

.  __  sin  r6 

and  the  cocflicient  of  x,i  is 

(2cos^-l)/,.-/._.=  -^^^^— . 
The  equation  is  therefore 


cos(7i  +  i)^ 

- —     ,  -     x„  —  a  cos  [xt. 


We  have  also 


.r^  =  Acos  [rd  +  Wj  ; 

and  the  condition   {icos6  —  \)xJ^—x,^_l  gives  B=  — - — 6;  so 

that 

a:^=Acos  {n—r-^\)6, 

a:n  =  A  cos  ^  0, 

cos  (?i— r+a)^ 
cos  it' 
cos  (n  — r  +  i)^ 

=  «  ^-7 T-fT^  cos  fXt. 

cos  (n  4-^)6/ 

If  we  put  fj,=2ms'm'ylr,  then,  when  operating  upon  cos  fxt, 
e  =  2f,  and 

cos(2w— 2r  +  l)-v/r 

.T;.  =  a '— 77j— -  1 .  ,    'cos yU.?. 

cos  (2n +  1)110  '^ 

The  tendency  to  rupture  is  a  function,  not  of  the  displace- 
ments, hut  of  the  relative  displacements  of  the  atoms,  repre- 
sented by 

2a  sin  (2/i  —  2r  +  2)  i/r  sin -vZr 

a\  —  Xr-}  = 77, r^JTT cos  fMt. 

'  COS  (27J  +  l)-\/r  '^ 

If /<  be  considerable,  but  n/r  so  small  that  (2«  +  l)i|o  is  not 

nearly  equal  to  ^,  sini/r  will  be  small,  and  the  relative  disturb- 

ancc  small  comjnircd  with  a  for  all  values  of  7:  This  shows  that 
a  slow  external  disturbance,  corrcsj)onding  to  a  small  value  of /x, 
will  cause  a  general  oscillatory  motion  of  the  whole  system,  but 
very  little  internal  relative  vibration  of  the  atoms. 

If  (2/i  + 1)1/0  be  equal  to  -r,  or  to  any  odd  multiple  of  it, 

Xr—'Vr-i  becomes  infinite,  indicating  the  well-known  change  in 
the  form  ol"  the  solution  from  A  cos  fit  to  A/siu/u,/.  1  will  defer 
the  consideration  of  this  particular  case,  and  suppose  (2?i+  l)-^ 


Prof.  M.  B.  Pell  on  the  Constitution  of  Matter.         177 

to  be  nearly  equal  to  some  odd  multiple  of  — ,  so  that  cos(2/i  + 1)^^ 

is  small,  but  a  so  small  that  the  character  of  the  vibrations  is 
maintained.     Since 

sin  {2n—2r  +  2)^lr=:cos  (2r  — 1)-^/^  nearly, 

the  relative  displacement  is  a  maximum  and  large  compared  witli 
a  for  such  values  of  ras  make  (2r— l)-»|r  a  multiple  of  tt  or  most 
nearly  so;  and  this^  of  course,  occurs  at  regular  intervals.  If;; 
be  the  whole  number  most  nearly  satisfying  the  condition  2/>>'v/r  = 
TT,  the  atoms  are  arranged  in  groups  oi' p  each,  where  p  is  a  num- 
ber depending  upon  the  wave-length  of  the  disturbance  and  the 
nature  of  the  system,  and  not  at  all  upon  a  or  the  intensity  of 
the  disturbance.  Suppose  now  a  or  the  temperature  to  increase 
gi'adually ;  the  groups  remain  the  same,  but  become  more  and 
more  isolated.  Each  grou])  acquires  an  oscillatory  motion  as  a 
whole  in  addition  to  the  vibratory  motion  of  its  atoms  amongst 
themselves;  and  the  time  of  this  oscillation  corresponds  nearly 
to  the  fundamental  or  lowest  note  of  a  group  of  p  atoms  vibra- 
ting without  restraint ;  for  in  that  case 

^j  =  2msin —  =2m sin i|r=yLt  nearly. 

The  disturbance  acos/u,t  representing  the  prevailing  heat,  //,  and 
therefore  -v/r  also,  for  atoms  of  a  given  kind,  has  a  certain  very 
limited  range  of  value.    We  may  suppose,  then,  that  there  is 

TT 

some  one  particular  value  of  -v/^  making  ^y=|J  an  integer;  and 

that  particular  wave-length  corresponds  exactly  to  the  funda- 
mental note  of  the  group,  or  molecule,  of  jj  atoms. 

If  we  suppose  now  that  a  increases  until  the  maximum  value 
of  the  relative  displacement  exceeds  a  certain  quantity,  the  se- 
verance becomes  complete.  This  does  not  necessarily  take  place 
at  all  points  at  once;  for  the  weakening  of  the  connexion  between 
the  groups  would  impede  the  propagation  of  the  disturbance. 
The  first  group  would  first  melt  oft",  or,  if  the  temperature  were 
higher,  would  fly  off  as  a  molecule  of  vapour;  and  the  next 
group  would  then  be  directly  exposed  to  the  disturbance,  and  be 
melted  or  evaporated  in  its  turn.  It  should  be  observed  that 
the  energy  emploj^ed  in  severing  the  connexion  between  the 
groups  does  not  increase  the  temperature,  but  becomes  latent. 
I  must  remark  here  that  the  liquid  condition  would  be  better 
accounted  for,  and  some  other  phenomena  perhaps  explained,  by 
supposing  the  three  roots  equal  to  /3  of  the  equation /(a;)  =  0  to 
be  replaced  by  three  roots  nearly  equal  to  each  other — that  is, 
roots  whose  differences  are  generally  small  compared  with  h.     If 
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it  be  objected  that  I  am  assuming  an  unnaturally  complicated 
and  fantastic  law,  I  can  only  repeat  that  it  is  not  assumed  arbi- 
trarily, but  is  little  more  than  a  reflex  of  plain  facts.  If  all  the 
various  ])henomena  relating  to  inorganic  jnatter  are  to  be  ac- 
counted for  by  the  motions  of  atoms  acting  upon  one  another 
according  to  some  one  law  (and  this  assumption  must  be  the 
foundation  of  every  such  attempt  as  the  present),  it  is  hardly 
reasonable  to  suppose  that  the  law  of  action  which  is  to  be  the 
cause  of  such  a  vast  variety  of  complex  relations  wdl  be  of  a 
very  simple  kind. 

Having  considered  the  motion  of  the  system  whilst'  being 
heated  as  it  were,  let  us  now  consider  what  would  occur  if  the 
disturbance  were  to  cease  and  the  system  be  left  to  vibrate  of 
itself.     ^Vhen  /x/  is  any  multiple  of  27r, 

__    cos  (2n— 2r  +  l)'>/^    ^^''__n 
^'•~''      cos(2n  +  l)^|r     '  lit  ""• 

At  any  such  instant  let  the  disturbing  atom  be  removed,  and 
we  have  for  the  subsequent  motion  the  initial  conditions 

eos(2w— 2?-+l)>|/^        ., 

We  suppose  that  the  system  is  an  aggregation  of  molecules, 
formed  as  above  described,  under  the  action  of  the  prevailing 
heat ;  so  that  n  is  a  multiple  pv  of;;;  and  if  2/)i|r=7r  exactly, 
we  have 

TT 

cos  (2;-  — 1)77-               ,„       IN 
^           ^  2;;        cos(2r  — llivy 
2n^p•  =  r7r,  6(r)=a ^=« ^ ^-^• 

cos  — 
Referring  to  equation  (6),  2^(r)  =  0, 

XVl4>{r)  cos(2r-l)s7=  ^^2cos(2r-l)i7COs(2;-l).7, 

which  vanishes  for  all  values  of  5  except  s  =  r,  and  in  that  case 

an 

18 > 

2  cos  vy 

a?,.=  «cos  (2?-  — l)r7C0s/i-,7, 

/ip  =  2m  sin  ry = 2m  sin  '^  =  /J', 

cos  (2?-  — ll-vlr 

oCr  —  a ^- — ; — -^  cos  at : 

cosy" 

or  the  motion  continues  in  this  case  to  be  the  same  exactly  as 
that  impressed  upoji  the  system  by  the  disturbimcc.  The  system 
in  cooling  would  radiate  the  same  kind  of  heat  as  that  which  it 
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received;  that  is,  it  would  givebaek  the  fundamental  note  of  its 
molecules  quite  pure. 

If  it  shall  hereafter  appear  that  we  are  justified  in  inferring 
that  atoms  under  any  natural  arrangement,  under  the  action  of 
heat  of  a  certain  wave-length,  would  behave  in  a  manner  analo- 
gous to  that  which  they  appear  to  adopt  when  constrained  to 
move  in  a  straight  line,  then  I.  think  it  will  be  found  that  we 
have  fallen  upon  a  principle  of  great  importance  in  the  economy 
of  nature.  It  may  be  bricily  stated  thus.  The  arrangement  of 
atoms  in  a  molecule  is  caused  by  the  prevalent  heat,  and  depends 
upon  its  wave-length ;  and  every  molecule  generated  under  the 
action  of  heat  of  a  certain  wave-length,  radiates  heat  of  the  same 
or  nearly  the  same  wave-length.  I  do  not  consider,  of  course, 
that  the  existence  of  this  principle  is  proved,  or  that  these  inves- 
tigations afford  us  any  thing  more  perhaps  than  a  hint  of  the 
truth.  In  the  further  remarks  which  I  shall  have  to  make  I 
shall,  however,  assume  the  truth  of  the  principle  which  I  have 
stated;  but  I  hope  that  it  will  be  understood,  if  I  appear  to 
adopt  too  confident  a  tone,  that  I  do  so  merely  to  avoid  the 
awkward  recurrence  of  a  hypothetical  mode  of  expression. 

Before  indulging  in  any  speculations,  I  must  dwell  a  little 
longer  upon  the  dry  formula.  We  will  endeavour  to  form  some 
general  idea  of  the  value  of  ^jr  from  the  equations  a=27wsin  yjr, 
'Zp-^^^nr.  fi  we  know  is  very  large;  and  m  for  ordinary  solids 
must  also  be  very  large,  for  the  molecular  forces  are  enormous 

in  relation  to  the  masses  upon  which  they  act.     1?  '\p-=-,  then 

«  =  3;  if -vlr  is  greater  than  —,p  =  l,  or  the  supposed  molecular 

o 

arrangement  would  not  occur.  If  there  be  any  simple  substance 
for  which  "yfr  is  greater  than  ^ ,  it  must  exist  in  the  state  of  in- 
dependent atoms  and  be  incapable  of  assuming  the  liquid  state, 
except  perhaps  under  great  pressure  ;  if  heated,  it  would  pass  at 
once  from  the  solid  to  the  vaporous  state.  It  would  show  no 
bright  lines  in  the  spectrum  at  any  temperature.  In  a  state  of 
vapour  no  heat  could  be  consumed  in  internal  vibrations ;  so  that 
]\IaxwelPs  factor  /3  would  in  this  case  be  unity.  I  am  not  aware 
that  there  is  any  substance  possessing  these  properties ;  but  at  all 
events  we  may  presume,  from  the  complicated  constitutions 
which  molecules  appear  to  possess,  that  j9  is  generally  consider- 
able and  yjr  therefore  small.     The  above  equations  give  us 

jj  T^  /.lAJr  cot  yfr 

N2 
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BfjL  represents  the  range  of  /j,  in  tlic  prevalent  heat;  and  for 
heat  of  considerable  intensity  —  is  small;   and  i/r  being  small, 

-— -  does  not  differ  much  from  — .     If  for  any  substance  ylr  were 

^  .  ^     .  .     . 

small  enough,  Bp  might  exceed  unity,  even  within  the  range  of 

heat  of  considerable  intensity,  in  which  case  there  would  be  dif- 
ferent values  of  p  for  different  wave-lengths.  The  molecular 
arrangements  of  such  a  substance  would  disj)lay  great  instability. 
A  molecule  formed  under  one  wave-length  would  be  decomposed 
and  otherwise  arranged  by  heat  of  a  different  kind.  As  we  have 
every  reason  to  believe  that  this  kind  of  instability  does  not  exist  in 
the  case  of  simple  substances,  we  may  infer  tliat  ^jr  is  not  very 
small,  the  general  conclusion  being  that  for  ordinary  substances 
"ilr  is  small  but  not  very  small. 

The  particular  value  of  yjr  which  for  any  substance  is  equal  to 

TT     . 

^  IS  not  the  one  which  produces  the  greatest  effect  in  arrangmg 

the  atoms  into  groups.  The  greatest  effect  is  caused  by  the 
value  oi  yjr  which  makes  (2/t-f  l)-»/r  equal  to  an  odd  multiple  of 

jr  ;  and  when  n  is  large,  such  a  value  must  exist.     In  this  case 

the  expression  for  the  relative  displacement  becomes  infinite. 
This  does  not  indicate  that  there  would  necessarily  be  a  rupture 
of  the  system,  but  merely  that  the  displacement  caniiot  be  ex- 
pressed exactly  in  the  manner  supposed.  The  best  way  of  stating 
the  case  is,  that  a  vibration  of  that  exact  wave-length  cannot  be 
propagated  through  the  system  at  all.  Py  the  effect  of  the 
factor  c,  by  which  in  the  second  approximation  it  becomes  ne- 
cessary to  multiply  /x,  the  time  of  vibration  and  the  wave-length 
are  increased ;  so  that  if  -i^  be  continuous,  this  particular  vibra- 
tion will  be  assimilated  to,  and  fall  in  with  that  correspond- 
ing to  some  smaller  value  of  -x/r.  As  a  increases,  this  effect  in- 
creases and  extends  to  values  oi  yfr  nearly  equal  (within  a  certain 
range)  to  the  particular  value  in  question. 

The  temperature  of  the  rth  atom  in  the  case  under  considera- 
tion is 

mV\  cos^(2n-2r-fl)'^ 
4  cos'^{2n+l)ylr     ' 

X  being  some  constant ;  ami  the  average  temperature  is 

fjL^a^X  ^  cos^  {2n-2r-^l)f  _  fi'^a^X 
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when  n  is  large.     The  maximum  temperature  is 

4cos^(2n+l)'</r 

There  is  thus  a  concentration  of  heat  at  the  joints  ;  so  that  at 
those  points  a  greater  softening  takes  place  than  would  occur  if 
the  heat  were  uniformly  distributed.  This  effect  is  increased  as 
the  temperature  increases,  on  account  of  the  increasing  propor- 
tion of  the  heat  employed  in  softening  the  joints,  which  becomes 
latent.  The  temperature,  therefore,  at  which  the  melting  occurs 
is  much  lower  than  what,  if  uniformly  distributed,  would  dissever 
the  atoms. 

The  effect  of  radiant  heat  upon  a  system  of  n  atoms,  such  as 
that  under  consideration,  may  perhaps  he  represented  by  sup- 
posing the  additional  atom  at  the  beginning  of  the  series  to  be 
of  feeble  power,  proportional  to  Xm^,  when  A-  is  very  small.  Let 
Xq  be  the  displacement  of  this  atom,  and 

XQ-=-a  cos  fit ; 

the  equation  of  motion  for  the  first  of  the  n  atoms  is 


or 


'  =j)i^{xc^—x^)+Xm^{xQ—Xi), 


1    d'^x 

?7^  'ciF  +  ^^  +  ^)  '^'i = '^^^o + -^2 ; 


neglecting  A-  in  comparison  with  1,  and  puttinj 


we  have 


{q  —  l)xi  =  x^  +  \xQ, 

(IX  2  =  <^]  +  X-^f 


[q-l)x„  =  Xn-x. 

These  equations  give 

2  sin  w^  sin -^^  _  .  ,  cos(/«  — r  +  ^l 

,  ^    ~    x^=-AXr.=.haco?,u,tx^.= TT, — 

1^  "         °  ^     '  cos-^^ 


cos 


_       \a  cos  {n — r  + 1-)  d  cos  jt/.^  ,q» 

~  2  sin  ndVmVd  >     *     '     •     \^) 


and  the  relative  displacement  is 


_      Xasin  (n— r)^cos]a^ 

Xf^l  —  X  ]•  —  ;         7]  * 

sm  7W 
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Let  /Li  =  2m  sill 'v/'';  then  d,  operating  upon  cos  fx,t,  is  equal  to 
2ylr,  and 

Xasin  2(«— /•)-v|^cos/x./ 

^        ^  Sin  2/iY 

Now  \,  representing  the  ratio  of  the  action  of  an  atom  of 
jethcr  to  the  nuitnal  action  of  the  atoms  of  a  solid  body^  is  very 
small — almost  infinitesimal.  The  above  coefficient  of  cos /xt  is 
therefore  wholly  insignificant  except  when  sin  2ni/r  is  very  small, 
or  when  2«A|r=  a  multiple  of  vr.  In  this  case,  as  before  ex- 
plained, the  quantity  by  which  X  is  multiplied  is  large,  but  not 
infinite ;  for  as  the  amplitude  of  the  vibration  increases,  the  time 
of  vibration  is  slightly  increased,  as  indicated  by  the  factor  c  intro- 
duced in  the  second  approximation  ;  and  ^jr  is  thus  slightly  dimi- 
nished. The  only  values  of -^  which  produce  any  sensible  effect  arc 

— ,  — ,  — ,  &c> .  . .     Let  -ylr^  —-  =vy,  where  v  is  an  integer  : 
2n'  2n    2n  ^       2n        "  ° 

putting  6  =  — : }^,  we  have,  supposing  the  n  atoms  to  have  been 

^         °        2  sin  na 

initially  at  rest  in  their  positions  of  stable  equilibrium, 

„  ^      6  cos  (271-2?- +  1)7 

a;r=a,+2^^a^cosaJ ^-; ~  cos  at, 

II         r  ^       I  s  sin  L"y 

where  Cj  ^a^  are  arbitrary  constants,  and  yu-j  =  2m  sin  sy.     Putting 

_^  bcos  (2n—2r  +  l)vy 

*         '  sin  uy 

Equation  (8)  gives 

cos(2/i— 2r  +  l)s7 


M„  =  „o„ 


cossy 

whence  it  may  be  shown  that  nU^,  and  consequently  ^a^,  vanishes 
for  all  values  of  s  except  s=Vj  and 

na„    b 

cos  vy      sin  1*7 

Z>cos(2n— 2r+l)i;y  ,,  ^. 

Xr= '^-^^ —  (1  —  cos  ut) 

sinvy 

icos  (2n  — 2r+ 1)^^  ,,  a 

—  ^^ _ — UL  (1— cOS/i,/). 

siny 

If  the  disturbance  be  supposed  to  cease,  it  may  be  shown,  as 
before,  that  the  subsequent  motion  is  represented  by 

icos(2n— 2r+l)'«ir 

Xr=  ^ — : — . —-  COS  at : 

sin  Y 

so  that  the  system  radiates  the  same  kind  of  heat  which  it  ab- 
sorbs.    If  fM  be  greater  than  2wj,  a:,,  is  small,  even  in  comparison 
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with  \a,  when  n  is  large;  so  that  the  system  is  incapable  of  ab- 
sorbing or  transmitting  any  heat  for  which  ^  is  greater  than  2m, 
Equation  (8)  gives 

Z>cos(2/i  — ll-v//'  ,,  ,, 

Xi=^ ^ — , — -^  (1  — cos  it/). 

sin  y  '^  ' 

So  long  as  this  coefficient  is  greater  than  a,  the  first  of  the  n 
atoms  continues  to  be  accelerated  by  the  aether.  When  steady 
motion  is  established  and  the  acceleration  ceases,  we  have 

5 cos  {2n—\)-^_ 
-.     '.  —  (If 

sni  y 

fl!cos(2?i-2r+l)i/r 

x,=  — ~j7i ns  ,         (1  —  cos  fit) 

'^  cos{2n  —  i)Y 

_ : — i_L  n  — cos  at). 

cosy 

The  principle  which  I  have  stated,  if  established,  would  afford 
some  hope  of  our  being  able  to  understand  the  facts  of '^  spectrum 
analysis."  The  fixed  character  of  the  bright  lines  makes  it  im- 
possible to  conceive  that  the  energy  due  to  the  translation  or 
rotation  of  the  vapour  molecules  can  have  any  thing  to  do  with 
their  production.  They  must  be  caused  by  the  internal  vibra- 
tions of  something  of  which  the  molecule  is  composed.  A  com- 
plete knowledge  of  the  arrangement  and  mode  of  vibration  of 
the  atoms  of  a  molecule  would  involve  a  complete  knowledge  of 
the  corresponding  bright  lines.  We  may  imagine  that  the  mo- 
lecule of  the  very  simple  structure  which  we  have  been  consider- 
ing would  give  one  bright  line,  corresponding  to  its  fundamental 
note  ;  and  fainter  lines  would  correspond  to  some  of  the  terms 
of  the  second  and  higher  approximations. 

It  can  hardly,  I  think,  have  escaped  notice,  that  if  the  mean 
translation  velocity  of  the  molecules  of  an  incandescent  vapour 
become  so  great  as  to  bear  a  sensible  ratio  to  that  of  wave-pro- 
pagation, the  wave-length  of  the  light  corresponding  to  any 
bright  line  will  be  affected  in  a  manner  and  degree  depending 
upon  the  direction  of  motion  relative  to  that  of  the  light  ob- 
served. As  the  temperature  is  gradually  increased,  this  will 
have  the  effect  of  thickening  tlie  bright  lines,  and  finally  of  con- 
verting them  into  a  continuous  spectrum.  If,  as  the  tempera- 
ture is  increased,  a  rupture  or  change  of  constitution  should  take 
place  in  the  molecules,  we  may  expect  a  sudden  change  in  the 
appearance  of  the  spectrum.  In  reference  to  this  subject,  I  may 
remark,  although  I  express  an  opinion  with  much  hesitation, 
knowing  how  much  there  is  which  has  been  written  upon  this 
subject  which  I  have  not  had  an  opportunity  of  studying,  that 
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I  believe  that  the  constitution  of  the  luminifcrous  rcther  is  such 
us  to  render  it  inca])ablc  of  j)ropagating  \\aves  of  less  than  a  cer- 
tain length. 

I  see  some  hope  also  of  an  explanation  of  what  has  always 
appeared  to  me  one  of  the  greatest  difficulties  in  connexion  with 
molecular  physics — that  the  wave-length  should  be  so  nearly  the 
same  for  all  kinds  of  heat.  It  is  not  dillicult  to  conceive  that  the 
molecules  in  the  sun  and  elsewhere,  whose  vibrations  are  the 
chief  sources  of  heat,  should  have  been  so  constituted  as  to  vi- 
brate nearly  in  the  same  time.  The  difbculty  is  to  understand 
why  the  molecules  of  bodies  of  all  kinds  and  constitutions,' being 
heated  and  then  left  to  vibrate  in  their  own  way,  should  all  vi- 
brate so  nearly  in  unison.  But  if  we  hold  that  the  arrangement 
of  atoms  into  molecules  is  caused  by  the  prevalent  heat  and  de- 
pends upon  its  wave-length,  the  difficulty  disappears.  Let  us 
suppose  for  a  moment  that  the  sun  should  radiate  heat  of  one 
unil'orm  wave-length  only,  and  that  the  values  of  m  for  all  sub- 

stances  and  combinations  were  such  that  r—-  were  in  every  case 

a  whole  number  exactly.  All  the  atoms  under  the  influence  of 
the  sun's  heat  would  be  arranged  into  molecules,  all  having  the 
same  fundamental  note,  and  collections  of  such  molecules,  after 
being  heated,  would  give  back  that  note  alone.  No  substance 
having  its  atoms  otherwise  arranged  could  continue  to  exist;  for 
every  ray  of  heat  which  it  encountered  would  assist  in  decompo- 
sing and  rearranging  its  atoms  according  to  the  prevailing  code. 
There  would  be  one  uniform  stabiHty  cf  molecular  constitution 
and  one  uniform  colour,  [x  appears  to  be  as  nearly  constant  as 
the  necessity  that  p  should  be  a  whole  number  allows.  If  ft, 
were  not  nearly  constant  for  heat  of  considerable  intensity,  there 
would  be  no  stability  in  the  constitution  of  matter ;  for  an  ar- 
rangement made  under  one  wave-length  would  be  liable  to  be 
decomj)Oscd  under  another.  Sujjpose  that  a  ru ass  of  any  sub- 
stance, such  as  iron,  were  brought  from  some  other  system,  if 
there  is  any  such,  where  a  nuich  longer  wave-length  prevails; 
we  should  probably  not  recognize  it  as  iron  at  all.  If  melted, 
its  atoms  would  be  immediately  arranged  according  to  the 
fashion  of  our  system.  It  might  perhaps  be  preserved  in  its 
original  state  if  carefully  kept  in  a  cool  place.  If  exposed  to 
the  heat  of  the  day,  it  w'ould  probably  be  gradually  trans- 
formed, suffering  disintegration  in  the  process;  it  would  decay, 
in  fact,  much  as  a  jjicce  of  wood  does,  and  with  more  or  less 
rapidity,  according  to  the  degree  in  which  its  constitution  dif- 
fered from  our  standard.  Is  it  ])ossible  that  organic  compounds, 
which  can  be  produced  and  exist  \inder  exce])tional  circumstances 
only,  which  arc  so  liable  to  decay,  so  sensitive  to  the  action  of 
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heat^  and  clifFcr  sometimes  so  entirely  from  inorganic  siibstanees 
formed  of  the  same  chemical  elements^  may  involve  abnormal 
molecular  arrangements  not  in  accordance  with  the  prevailing 
wave-length,  and  thus  be  liable  to  decay  when  removed  from  the 
local  influences  under  which  they  were  produced  ? 

The  present  uniformity  of  wave-length  is  a  condition  of  dy- 
namical equilibrium,  which  may  have  existed  from  the  begin- 
nii]g,  but  which  may,  I  think^  have  been  brought  about  by  the 
operation  of  natural  causes.  Supposing  a  number  of  atoms, 
enough  to  make  a  solar  system,  to  have  been  created  anywhere 
in  space,  but  at  such  distances  apart  as  to  cause  by  their  conflu- 
ence, a  sufficient  amount  of  heat  to  animate  the  whole.  In  the 
beginning  there  w^ould  be  a  true  chaos.  There  would  be  every 
variety  of  wave-length,  and  consequently  every  variety  of  mole- 
cular arrangement  with  no  stability  anywhere,  but  a  continuous 
process  of  composition  and  decomposition.  But  out  of  this 
chaos  order  would  be  gradually  evolved.  The  principle  of  na- 
tural selection  would  begin  to  operate  even  at  this  early  period. 
Every  radiating  molecule  would  endeavour  to  impress  its  own 
constitution  upon  others  within  its  influence,  to  propagate  its 
kind.  In  the  warfare  among  the  molecules  every  enemy  con- 
quered would  become  the  ally  of  the  conqueror.  The  mole- 
cules distinguished  by  numbers  and  strength  of  constitution 
would  gradually  gain  the  ascendency  by  the  destruction  of 
weaker  kinds ;  and  any  additional  stability  of  structure  which 
might  accidentally  arise  amongst  themselves  would  be  propa- 
gated and  become  general.  An  ascendency  having  once  been 
gained,  the  process  of  reduction  to  a  common  standard  would 
go  on  with  an  ever  increasing  rapidity  until  the  condition  of 
greatest  stability  was  attained.  If  such  a  relation  existed 
amongst  the  constants  upon  which  the  mutual  action  of  the 
atoms  depends,  as  to  render  it  possible  that  one  uniform  wave- 
length should  be  attained,  that  would  be  the  final  result.  In  that 
case  there  would  be  one  uniform  stabiUty  of  molecular  arrangement 
— a  hard  uncompromising  state  of  things,  without  the  possibility 
perhaps  of  that  continuous  round  of  composition  and  decomposi- 
tion upon  which  the  life  of  our  part  of  the  universe  depends. 

It  may  be,  then,  that  chaos  means  diversity  of  wave-length, 
and  that  cosmos  means  variety  in  unity,  and  that  absolute 
uniformity  of  wave-length  would  be  universal  death.  It 
is  a  curious  subject  for  reflection,  that  the  possibility  of  cosmos 
evolving  out  of  chaos  (that  is,  the  possibility  that  the  mate- 
rial universe  should  become  fitted  to  be  the  abode  of  organic 
life)  may  have  depended  upon  whether  or  not  a  few  constants 
were  so  arranged  in  the  beginning  as  to  satisfy  a  simple  ma- 
thematical condition. 


[     186    ] 
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Cables  injluenced  by  Earth-cur  reals.  Bij  G.  K.  WiNXEii, 
Telegraph  Engineer,  Madras  Railwag*. 

[With  a  Plate.] 

THE  fact,  I  believe,  is  sufficiently  well  known  to  all  wlio  have 
had  any  thing  to  do  with  the  testing  of  telegi'aph-wii'esor 
cables,  that  it  is  almost  impossible  to  have  two  earth-plates  in- 
serted any  distance  apart  without  a  difference  of  tension,  greater 
or  less  according  to  circumstances,  existing  between  them  ,•  this 
is  due  in  some  cases  to  earth- currents  properly  so  called,  in 
others  to  polarization  of  the  earth-plates  from  the  passage  of 
currents,  in  others  to  a  difference  between  the  earth-plates  them- 
selves or  the  soil  in  which  they  are  imbedded,  but  generally 
to  these  causes  combined.  The  important  influence  of  the 
currents  in  the  wires  due  to  this  difference  of  tension  upon 
the  apparent  resistance  of  the  wire  when  tested  by  the  Wheat- 
stone's  bridge  has  not,  I  fear,  been  hitherto  fully  appreciated. 
In  Sabine's  '  The  Electric  Telegraph,'  pp.  293  and  293,  the 
author  deduces  from  Kirchhoff's  laws  the  following  equations 
(see  the  annexed  diagram) : — 


+^  = 


BC-AD 


E~A(D-F-ll)-fH(A  +  ll)'      •     • 
„_  AD  ,  E'  A(D+R)+B(A  +  R) 

^-  ir  -  E  B  ' 


(1) 
(2) 


in  which  E  is  the  electromotive  force  of  the  testing  battery,  and 
E'  the  foreign  electromotive  force  in  the  branch  C. 
*  Coinmuuicatcd  by  the  Author. 
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From  equation  (1)  we  can  tell  the  ratio  between  these  forces 

when  the  resistance  of  C  is  known  ;  and  from  equation  (2)  the 

E' 
resistance  of  C  is  found  when  the  ratio  ^  is  known ;  but  as 

these  equations  are  derived  one  from  the  other,  we  cannot,  with 
these  equations  alone,  eliminate  either  of  the  unknowns.  The 
author  has  omitted  to  point  out  that  if  we  take  two  tests,  one 
with  copper  to  line  and  the  other  with  zinc  to  line,  and  the  re- 
sults obtained  be  called  D  and  d,  then 

E'_  EC- AD 

-E^AID  +  Kj  +  BIA  +  R)'    •     •     •     •     l-^j 

_E^_  BC-A^ 

+  E  "AC^+Kj+BlA  +  R)'     •     •     •     •     W 

.     E'      . 
the  signs  before  the  ratio  -^r  being  opposite  in  the  two  equa- 
tions, but  the  decision  as  to  which  is  plus  and  which  minus  de- 
pending upon  the  direction  of  the  foreign  electromotive  force, 
which  wc  shall  henceforth  call  the  earth-current. 

It  follows  from  this  that  if  we  add  the  two  equations  together 

E' 

we  at  once  eliminate  ^,  and  get 

BC-AD  BC-A^ 


A(D  +  Ii)+B(A  +  R)      A(^+R)+B(A  +  ll) 

from  which  C  is  easily  calculated,  especially  when  (as  is  usually 
the  case  in  testing  line-resistance)  A=B.  The  equation  then 
becomes 

C-D  C-^     _ 

D  +  2R  +  A"^f/+2Il  +  A~  '     '     '     \P) 

Again,  if  we  omit  R  (the  resistance  of  the  testing  battery),  we 
get 

C-jy      C-d     . 

dTa  +  .7Ta=^ (^) 

As,  however,  the  battery-resistance  is  seldom  so  small  as  to 
be  neglected,  it  is  generally  better  to  use  equation  (6) . 

In  Clark  and  Sabine's  '  Electrical  Tables  and  FormuljB,^  and 
in  a  pamphlet  issued  to  the  Indian  Government  Telegraph  De- 
partment, is  a  formula  by  Schwendler*  which,  while  really  iden- 

*  The  equation  as  given  by  Schwendler  is  as  follows  : — 

^_^/(a+^)(W+W")+6"^(aW'+2W'W"  +  aW") 
ah{yf  ■^W)+2af{a+b)-\-2a?b 
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tical  with  equation  (5),  is  much  more  complicated  and  tedious 
to  solve,  owing  to  the  attempt  to  isolate  the  unknown  quantity 
in  the  literal  equation,  which  is,  I  think,  a  mistake  in  this  case. 
The  above  correction  to  the  Wheatstone-bridge  method  of 
testing  linc-rcsistancc,  however^  is  only  true  so  long  as  the  ratio 

E' 

-T  remains  constant  during  the  two  tests.     We  have  not  much 

fear  of  the  electromotive  force  of  the  testing  battery  changing; 
but  earth-currents  are,  as  a  rule,  continually  varying  in  strength  ; 
for  this  reason  I  have  always  considered  the  bridge  method  of 
testing  line-resistance  unreliable.  There  are  at  least  two  me- 
thods which  are  much  to  be  preferred.  One  is  ]Mance's  method, 
given  in  the  Number  of  this  Magazine  for  April  last  (p.  311), 
and  the  other  a  modification  of  Varley's  method  of  testing  the 
internal  resistance  of  a  cell  by  the  differential  galvanometer. 
In  both  these  methods  the  cable  or  line,  together  with  its  two 
earth-plates,  is  considered  as  an  electromotor,  and  its  internal 
resistance  is  measured. 

I  need  scarcely  say  that  in  every  method  of  measuring  the  in- 
ternal resistance  of  an  electromotor^  unless  its  electromotive 
force  is  known,  two  observations  are  necessary  ;  and  if  this  force 
is  liable  to  vary,  the  more  quickly  these  observations  follow  each 
other  the  greater  the  chance  of  accuracy.  In  the  two  tests  just 
referred  to,  the  first  observation  is  simply  the  noting  of  a  detiec- 
tion,  and  the  second  is  simply  seeing  that  the  defiection  does 
not  alter  when  we  press  a  key  in  one  case  and  raise  a  key  in  the 
other.  In  land-lines  there  is  usually  no  interval  at  all  between 
the  two  observations ;  but  in  cables  the  alteration  in  the  resist- 
ance of  the  circuit  causes  a  sudden  difference  in  the  dynamic 
charge  of  the  cable,  and  hence  a  sudden  flow  through  the  galva- 
nometer. Wc  have  therefore  merely  to  wait  till  the  needle 
comes  to  rest  before  the  second  observation  can  be  taken. 
Mance's  method  was  so  fully  described  in  the  April  Number  of 
this  Journal  that  I  need  not  further  refer  to  it ;  so  I  will  pro- 
ceed at  once  to  the  second  method,  which  is  more  applicable  to 
measuring  the  resistance  of  land-lines. 

The  instrument  I  use  for  the  purpose  is  a  double-shunt  dif- 
ferential galvanometer  having  the  resistance  and  magnetic  effect 
of  its  coils  (qual.  The  connexions  will  be  readily  inulerstood 
from  fig.  2  (Plate  II.).  C  is  a  thick  wire  offering  comparatively 
no  resistance.  The  key  is  first  pressed^  so  that  the  earth-cur- 
rent flows  thiough  only  one  coil  of  the  galvanometer,  and  the 

ill  whicli  «  and  h  arc  tlic  biaudi  resistances,  "SV  tlie  adjusted  resistance 
with  a  positive,  \i"  tliat^\itli  a  negative,  and/tlic  resistance  of  the  test- 
ing battery. 
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deflection  is  eitlicr  observed,  or  (what  is  better)  counteracted  by 
a  directing  magnet,  and  the  index  brought  to  zero ;  the  key  is 
then  raised ;  the  current  circulates  in  both  coils  of  the  galvano- 
meter, and  any  resistance  that  may  be  opposed  to  it  in  the  resist- 
ance-coils J).  If  the  position  of  the  needle  remains  unaltered, 
the  resistance  in  the  coils  is  equal  to  the  resistance  of  the  line. 
If  it  is  necessary  to  use  shunts,  the  result  is  the  same,  provided 
the  coils  are  shunted  by  equal  shunts ;  if,  however,  the  line 
offers  too  great  a  resistance  to  be  measured  by  the  resistance- 
coils,  we  may  shunt  a  greater  portion  of  the  current  from  the 
coil  B  of  the  galvanometer  than  from  the  coil  A.  Say,  for  in- 
stance, we  shunt  -^[^  of  the  current  from  A  and  ^^J'q  from  B;  then 
the  line-resistance  will  equal  the  resistance  in  the  coil  multiplied 
by  10,  If  the  earth-current  is  not  sufficient  to  give  a  satisfac- 
tory deflection,  we  have  merely  to  insert  a  battery  of  known  re- 
sistance between  the  line  and  galvanometer,  and  subtract  its 
resistance  from  the  result.  It  is  generally  indeed  better  to  do 
so,  as  in  that  case  the  variations  in  the  earth-current  will  not  be 
so  perceptible. 

The  differential  galvanometer  I  have  designed  and  constructed 
for  the  use  of  my  inspectors  is  well  adapted  to  this  test ;  and  as 
it  has  proved  so  useful  in  practice,  I  venture  to  hope  a  short  de- 
scription of  it  may  not  be  unacceptable  to  the  readers  of  this 
Magazine. 

The  exterior  form  of  the  instrument  is  somewhat  similar  to 
Varley's  original  universal  galvanometer,  and  is  shown  in  plan 
in  lig.  3,  with  the  connexions  in  dotted  lines. 

The  two  wires  of  the  coil  are  wound  simultaneously  and  as 
carefully  parallel  as  possible,  so  that  their  magnetic  effects  may 
be  equal.  Their  resistances  arc  also  made  equal.  The  needle  is 
suspended  by  a  short  fibre  of  silk  from  a  small  bracket  in  the  in- 
terior of  the  coil,  which  bracket  slides  in  and  out  in  a  groove. 

When  it  is  desired  to  render  the  instrument  portable,  we  can, 
by  turning  a  milled-hcad  on  top  of  the  cover,  raise  the  needle 
and  press  it  firmly  against  two  pieces  of  cork  on  the  top  of  the 
interior  of  the  coil. 

The  index  is  fixed  at  right  angles  to  the  needle.  The  end  of 
the  index  plays  between  the  two  upright  sides  of  a  small  frame. 
This  frame  is  attached  to  an  arm  W'hicli  runs  under  the  base  of 
the  instrument,  and  is  moveable  in  a  segment  of  a  circle  concen- 
tric with  the  point  of  suspension  of  the  needle.  The  bottom  of 
the  frame  is  a  small  brass  plate  with  a  line  drawn  across  it  so  as 
to  be  radial  to  the  circle  in  which  the  frame  moves.  The  top  of 
the  frame  carries  two  cross  wires,  which  intersect  each  other  in  a 
point  exactly  over  the  radial  line  on  the  bottom.  When  a  read- 
ing is  taken,  one  eye  only  must  be  used,  and  the  intersection  of 
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the  wires,  the  end  of  the  index,  and  the  radial  line  on  the  bottom 
of  the  frame  must  coincide,  so  that  j)aralhix  is  avoided.  The 
object  of  the  frame  is  therefore  twofold  :  iirst,  it  serves  to  limit 
the  vibration  of  the  needle  ;  and,  secondly,  it  gives  us  a  very- 
exact  means  of  noting  a  dellection.  There  is  a  small  needle- 
point attached  to  the  bottom  plate,  forming  a  prolongation  of 
the  line ;  and,  finally,  upon  the  dial-plate  are  engraved,  instead  of 
a  number  of  degrees  or  other  arbitrary  divisions,  simply  a  line 
at  right  angles  to  the  coil,  to  serve  as  a  zero-line,  and  two 
radial  lines  on  each  side,  the  use  of  which  we  shall  presently  see. 

1  here  is  a  small  socket  in  the  top  of  the  cover  of  the  instru- 
ment, immediately  over  the  centre  of  suspension  of  the  needle,  in 
which  may  be  lixed  a  rod  carrying  a  directing  magnet.  In 
testing  ordinary  resistance,  this  magnet  may  be  made  to  oppose 
the  earth's  magnetism,  so  as  to  render  the  needle  nearly  astatic; 
or  it  may  be  made  to  counteract  a  dellection,  as  in  taking  battery 
or  line-resistance,  as  already  explained,  so  as  to  bring  the  needle 
into  its  most  sensitive  position  ;  or  it  may  be  removed  altogether. 

Besides  all  the  ordinary  tests,  to  which  a  differential  galva- 
nometer can  be  applied,  we  are  able  with  this  instrument  to 
ineasure  approximately  electromotive  force ;  and  for  this  purpose 
the  radial  divisions  above  referred  to  arc  engraved  on  the  dial-plate. 

The  method  is  that  described  by  AVhcatstoue  in  the  Philoso- 
phical Transactions  in  1843.  There  are,  I  should  have  said 
before,  three  shunts  to  each  coil,  cutting  off  respectively  j'q, 
-j-^Q^Q,  and  i^q'o^o  ^^  ^^^  current. 

In  order  to  determine  the  position  of  the  two  divisions  on  the 
left-hand  side,  I  insert  the  j^fl'g  shunt  on  each  coil;  a  good  ordi- 
nary Daniel's  cell,  such  as  is  commonly  used  on  the  line,  is  then 
taken  and  joined  up  through  the  galvanometer-  and  resistance- 
coils,  as  shown  in  fig.  4.  Resistance  is  then  inserted  until  a 
convenient  dellection  is  obtained ;  the  frame  is  then  made  to 
coincide  with  the  index,  and  the  position  of  the  needle-point 
marked  on  the  dial-plate ;  10  units  are  then  added  to  the  re- 
sistance, the  deflection  is  of  course  reduced,  and  the  frame  is 
made  to  coincide  with  the  index  a  second  time,  and  the  position 
of  the  needle-point  again  marked  on  the  dial.  The  two  points 
marked  have  then  conspicuous  radial  lines  engraved  through 
them.  On  the  right-hand  side  we  do  exactly  the  same,  except 
that  the  unit-cell  is  formed  of  an  amalgamated  zinc  plate  in  1 
of  sulphuric  acid  to  12  of  water,  and  a  co])pcr  plate  in  a  satu- 
rated solution  of  nitrate  of  copper;  the  electromotive  force  of 
this  clement  being  about  1  volt. 

^Viien  the  electromotive  force  of  a  cell  or  battery  has  to  be 
measured,  we  join  it  \\\\  through  the  galvanometer-  and  resist- 
ance-coils, making  the  needle  dellcct  either  to  the  right  or  left. 
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according  as  we  wish  to  measure  in  terms  of  a  volt  or  of  our 
standard  ordinary  cell.  AVe  then  bring  the  needle-point  of  the 
frame  to  the  first  of  the  lines  and  adjust  the  resistance  until  the 
index  coincides  with  the  line  and  cross  wires  ;  we  next  shift  the 
fi'ame  until  the  needle-point  is  at  the  second  position,  and  re- 
sistance is  added  to  the  circuit  until  the  index  agrees  a  second 
time  with  the  line  and  cross  wires.  The  amount  of  resistance 
added  is  a  measure  of  the  electromotive  force.  If  the  -j-^q^^ 
shunts  are  used^  each  unit  of  the  added  resistance  represents 
one  tenth  of  the  force  of  the  standard  cell  or  the  volt,  as 
the  case  may  be.  If  the  y^oVo"  shunts  are  used,  each  unit  re- 
presents the  force  of  one  cell  or  volt.  If  the  -^^  shunts  are 
used,  each  unit  represents  the  one  hundredth  of  the  force  of 
the  standard  cell  or  volt  ;  and,  finally,  if  no  shunt  at  all  is 
used,  each  unit  represents  one  thousandth  of  the  force  of  the 
standard  cell  or  volt.  These  measurements  are  cjuite  suffici- 
ently accm'ate  for  ordinary  use  in  testing  telegraph-batteries, 
and  are  quickly  and  easily  takeu. 
Arconum,  January  10,  1872. 


XXI.  Observations  on  the  Corona  seen  during  the  Eclipse  of  De- 
cember 11th  and  12th,  1871.  By  G.  K.  Wintek,  Telegraph 
Engineer,  Madras  Railway'^ . 

[With  a  Plate.] 

Y  letter  referring  to  the  radial  polarization  of  the  corona, 
published  in  the  Number  for  January  1870,  will  doubt- 
less be  remembered. 

I  was  again  the  polariscope-observer  in  Mr.  Pogson^s  party  on 
behalf  of  the  Madras  Government  at  the  eclipse  of  the  11th  and 
12th  of  December  last ;  and  as  I  fear  there  may  be  some  un- 
avoidable delay  in  the  publication  of  the  official  report,  I  hope 
the  following  remarks  upon  the  additional  results  obtained  by 
myself  and  others  may  not  be  found  without  value  during  the 
discussion  of  the  question. 

The  instrument  I  used  consisted  of  a  small  telescope  of 
2""75  aperture  and  about  30"  focal  length,  mounted  equato- 
rially.  In  front  of  the  eyepiece  was  a  polarimeter,  consisting 
of  four  plates  of  thin  glass  mounted  in  a  frame  moveable  on 
an  axis  at  right  angles  to  the  direction  of  the  bands  in  a 
Savart^s  polariscope,  which  was  fixed  in  front  of  the  frame ; 
so  that  the  rays  from  the  object-glass  passed  first  through 
the  eyepiece,  next  through  the  four  plates  of  glass,  and  lastly 

*  Communicated  by  the  Author. 
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through  the  Savart's  polai-iscope  to  the  eye*.    Fig.  1,  Plate  II. 
will  perhaps  render  this  description  clearer. 

Although  quite  convinced  myself  of  the  fact  of  the  radial  po- 
larization of  the  corona,  I  was  anxious  this  time  to  place  it 
beyond  doubt  by  taking  actual  measurements  of  it  in  such  a 
position  that,  if  the  polarized  light  proceeded  from  the  unobscurcd 
portion  of  the  earth  reflected  into  the  atmosi)here  and  again 
back  to  the  eye,  it  could  not  be  measured.  I  therefore  chose  the 
southern  limb  for  my  observations,  and  carefully  got  my  bands 
radial  to  the  sun,  and  consequently  making  but  a  small  angle 
with  the  horizon,  before  totality,  keeping  the  field  as  nearly 
as  I  could  in  the  same  position-angle  with  res})eet  to  the  sun 
by  means  of  the  right-ascension  tangent-rod  during  totality. 
Immediately  totality  commenced,  the  white-centred  bands  ap- 
peared. I  turned  the  axis  of  the  frame  with  the  glass  plates 
until  the  bands  disappeared.  The  angle  the  plates  had  to 
be  turned  through  was  35°.  I  then  turned  the  decliuatiou 
tangent-screw  slightly,  so  as  to  get  a  portion  of  the  corona 
a  small  distance  from  the  limb  (I  think  about  10')  into  the 
field.  The  plates  had  then  to  be  turned  through  an  angle  of 
45°  before  the  bands  disappeared.  Three  other  measurements 
were  taken  in  about  the  same  position,  the  result  showing  that 
the  polarization  increased  considerably  with  distance  from  the 
limb. 

It  is  evident  that  if  the  polarized  light  were  really  due  to  the 
reflection  from  the  nnobscured  portion  of  the  earth,  it  would  be 
polarized  in  a  plane  nearly  at  right  angles  to  the  plane  of  my 
bands,  and  consequently  its  polarization  could  not  be  neutralized 
by  the  plates  of  glass  in  the  position  in  which  they  were  used. 
When  the  plates  were  inclined,  so  as  to  neutralize  the  corona 
polarization,  I  saw  faint  black-centred  bands  on  the  portion  of 
the  moon's  disk  in  the  field.  I  did  not  observe  any  when  the 
plates  were  at  right  angles  to  the  axis  of  the  telescope;  but  I 
thmk  1  b-hould  have  noticed  them  if  they  had  existed  ;  so  that 
altliough  there  was  a  sensible  amount  of  light  on  the  moon's 
disk,  sufficient  to  show  bands  when  jjolarizcd  by  the  glass  plates, 
I  do  not  think  it  was  perceptibly  ])olarized  itself. 

"With  regard  to  the  evidence  of  the  spectroscope,  the  existence 
of  the  bright  line  1 174  of  Kirehhofi's  scale  (first  observed,  I  be- 
lieve, by  Mr.  Pogson  at  the  eclipse  of  August  18G8)  seems  fully 
established.  This  linef,  which  is  also  seen  in  auroraj,  would 
lead  us  to  suppose  that  a  gas  existing  in  the  higher  regions  of 

*  The  biiiuls  of  the  polariscope  were  white-centred  when  in  the  j)Iane  of 
polarization.  ^ 

t  Kirchhoflfand  Angstrom,'!  believe,  suppose  this  Hue  to  belong  to  the 
Bpcctruinol'  won. 


the  Eclipse  of  December  Wth  and\2th,  1871. 
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the  atmospliere,  and  ai)parcntly  not  met  with  elsewhere  in  the 
earth,  forms  at  all  events  one  of  the  component  parts  of  the 
corona.  But  though  we  learn,  from  the  fact  of  the  line  being 
bright,  that  this  gas  is  incandescent,  and  from  its  proximity  to 
the  sun  we  should  scarcely  expect  any  thing  else,  yet  this  fact 
in  no  way  renders  it  impossible  that  much  of  the  light  we  re- 
ceive from  the  corona  should  be  reflected  or  scattered  by  minute 
particles  of  perhaps  denser  matter,  probably  incipient  cloud, 
suspended  within  it,  as  such  particles  are  supposed  to  exist  in 
the  earth's  atmosphere  in  order  to  account  for  the  polarization 
and  blue  colour  of  the  sky. 

It  is  well  known  now  that  the  polarizing-angle  of  such  mi- 
nute particles  is  45°;    and  it  is  evident 
that  a  much  greater  proportion  of  light 
reflected  at  this  angle  would  be  received 
from  the  portions  of  the  corona  at  a  dis-A 
tance  from  the  sun  than  from  those  close 
to  its  limb.     The  annexed  woodcut  will    \ 
illustrate  my  meaning.     It  is  evident  that    ' 
only  in  case  of  the  ray  A,  and  rays  par-    ' 
allel  to  it,  will  the  angle  of  incidence  be 
45°.     The  light  coming  from  portions  of 
the  corona  nearer  to  the  limb  will  evi- 
dently consist  more  and  more  of  light 
incident  at  other  angles  than  45°;   and 
consequently  the  proportion  of  polarized 
light  will  be  less  and  less  as  we  approach 
the  sun. 

With  regard  to  the  photographs  of  the 
corona,  the  boundary  seems  in  all  to  be  well  defined ;  and  the 
streamers,  strange  to  say,  do  not  appear  in  any  of  the  photo- 
graphs I  have  seen.  Whatever,  therefore,  they  may  be,  the 
light  emitted  from  them  does  not  appear  to  be  nearly  so  actinic 
as  that  received  from  the  corona  proper.  I  have  not  tested 
them  for  polarization,  and  can  therefore  say  little  about  them. 
It  seems  to  me,  however,  impossible  that  a  gaseous  envelope 
round  the  sun  could  possibly  take  the  very  irregular  form  their 
appearance  would  indicate. 

The  glass  plates  used  in  the  polarimefcer  were  the  thin  plates 
used  for  mounting  microscopic  objects.  I  have  not  yet  deter- 
mined their  refractive  index  ;  but,  supposing  them  to  be  of 
crown-glass  and  that  /x  =  l-54',  then,  from  the  Table  given  in 
Professor  W.  G.  Adams's  paper  in  the  last  March  Number  of 
this  Magazine,  we  get  the  following  figures  for  the  proportion 
of  polarized  light,  as  shown  by  my  measurements  : — 
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Angle  of  plates.  -J—. 

Close  to  the  limb 35  -158 

"At  about  10'  distance  from  the  limb    45  -275 

40  -212 

45  -275 

45  ;275 

Mean     .  '239 
Arcotium,  January  27,  18/2, 


XXII.  Remarks  on  certain  portions  of  Laplace's  Proof  of  the 
Method  of  Least  Squares.  Bij  J.  W,  L.  Glatsher,  B.A., 
F.R.A.S.,  Fellow  of  Trinity  College,  Cambridge*. 

A  CONSIDERABLE  portion  of  the  fourth  chapter  of  La- 
place's Theorie  des  Prohahilites  is  devoted  to  the  investi- 
gation of  the  law  of  facility  of  error  of  the  mean  &c.  of  a  great 
number  of  observations,  all  the  errors  of  which  are  subject  to 
the  same  law  of  facility  4>{x) .  Laplace,  as  is  well  known,  obtains 
his  result  by  the  consideration  of  the  coefficient  of  e'""^'  in  the 
expansion  of 

A  great  simplification  of  this  part  of  the  analysis,  with  increase 
of  generality,  was  effected  by  Leslie  Ellis,  who  stated  the  pro- 
blem in  the  following  manner  f  :  to  find 

subject  to  the  condition 

This  multiple  integral  Ellis  evaluated  approximately  by  WTiting 

for  6„(e„)  its  equivalent  (^„("~^'^'  '  •  '"^"-'^"-'Y    replacing 

this  last  function  by  the  double  integral  of  Fourier's  theorem 
and  taking  all  the  integrals  between  the  limits  +oo  .  Integra- 
ting the  result,  with  regard  to  u,  between  — /  and  /,  the  proba- 
bility of  Sjtte  being  intermediate  in  magnitude  to  these  two 
quantities  is  found.  The  object  of  the  present  communication 
is  to  obtain  the  usual  result  by  a  method  which,  though  bear- 
ing a  strong  resemblance  to  Ellis's  investigation,  nevertheless 
seems  to  render  the  analysis  more  elegant  and  synnnetrical ;  the 

•  Comirmnicatcf]  by  the  Author. 

t  Cainbri(l<jc  Pl)iJosoi)liic"il  Transactions,  vol.  viii. 
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deduction  of  the  law  of  facility  of  S/t^e,  when  n  is  made  very 
large,  is  also  presented  in  a  form  somewhat  diflferent  from  that  of 
either  Laplace  or  Ellis ;  and  the  general  formula  is  verified  in 
several  instances  by  assuming  special  laws  for  the  individual 
errors,  so  as  to  render  the  n  integrations  capable  of  accurate  per- 
formance. The  principle  made  use  of,  which  is  due  to  Lejeune 
Dirichlet,  depends  on  the  discontinuity  of  the  integral 

I      — ^  cos  yo  clU 


IT 


(which  =0  if  7>1,  but  =1  if  7  lies  between  0  and  1),  and  may 
be  stated  as  follows : — Suppose  the  value  of 

is  required  for  all  values  oix^. . .  Xn,  subject  to  the  condition  that 
'^{xj,  . .  .x„)  lies  between  +1;  then  we  can  replace  the  multiple 
integral  by 

cos  {-^{x^,  . . .  x^)0}dd  dxi . . .  dxri, 
in  which  the  limits  are  independent  of  the  variables. 
In  the  case  to  be  considered  we  require 

subject  to  the  condition 

/*lf  1  +  f^-2^'2  "•+  f^n€n  >  ^  I  and    <  /, 

whence  the  multiple  integral  becomes 


cos 


{^(^'^^••;  +  ^"^-)}^^r7.,...^e.. 


Assuming  the  equal  probability  of  positive  and  negative  errors 
so  that  (f)i{ei)  =(f)^{ — e^),  then 


r 


<^.(e,)  8mf^d€i  =  0, 


whence  we  have 
2 


f{J_>.(^.)-¥-.} 


(f 


,   /   IV         f^n^nO  ,     "I  sin  ^  ^ 
(Pn{en)  COS  ^~- de,,  y-j-de.    .     .     (1) 


02 


\ 


•^  —00 
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Now 

putting  A;  for  i      0,(ejef</e,-;  the  fii'st  term  is  uuitv,  since 
Jo 

(f){e-)dei=l.    Thus  (1)  becomes 

21.2 

hf  being  written  for  ^-V"-     Now,  n  being-  very  large,  X^t^d'^  is  of 

the  order  n6^  =  an6^,  say;  similarly  A,  B,  &c.  are  of  the  same 
order;  so  that  the  integral  takes  the  form 

Since  n  is  very  large,  the  exponential  is  finite  only  when  9  is 
very  small  and  of  the  order  n-h,  so  as  to  make  nO-  finite;  when 
this  is  the  case,  the  other  terms  are  of  the  orders  6^,  d'^,  &c., 
and  may  be  neglected.  It  is  to  be  observed  that  if  6  is  of  the 
order  n~^,  so  as  to  make  nO*  finite,  the  first  term  is  of  the  order 
6-^,  and  the  value  of  the  exponential  is  infinitesimal.  "We  may 
therefore  neglect  all  the  terms  except  the  first,  so  that  the  in- 
tegral becomes 


\     e         -^-(W=z  ~-r-  Erfc  — 


=  4-Erfc-         ^ 


uhich  is  the  well-known  result.     The  integral  made  use  of,  viz. 


]     e        dx  =  v/tt  \       e-"clu  -  v/tt  Erfc  • 

Jo  X  Jo 


b 

Jo  X       Jo      "      "'-~  '  "  2V'« 

is  obtained  at  once  by  the  integration  of 


e  "'  COB hxdx  =z  —~-  e-.„ 
liva 

with  regard  to  h  •^■. 

•  Sec  Phil.  Mag.  vol.  xlii.  pp.  2  )8  and  4-21  (October  and  Doccinhcr  1^71). 
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The  reasoning  that  occurs  near  the  conclusion  of  the  above 
investigation  may  also  be  exhibited  in  another  form^  which  is 
perhaps  clearer. 

liesuming  equation  (1),  we  may  write  it 


r*sin^. 


6' 
Put  6=     , — ,  and  this  becomes 

e 

loo  SUl- 


f,    /loo  Sin      . — = 
=  -  I     sin      . \\ :,  +  ...   )■     ..  .•{  1 +  ...  I  " 


6' 


sm^-.__e-e=^, 


x/2/.I         0 


as  before.  The  legitimacy  of  the  neglect  of  the  terms  beyond 
6'^  is  best  seen  by  taking  the  simpler  case  of  0,  =  (^^=&c,j 
fi^=:fXc^=Scc. ;  the  expression  is  then  of  the  form 

the  limit  of  which  clearly  is  e~''-^".     It  is  to  be  remarked  that 

r''       sin^ 
the  fact  of  i      $-"■ — ^—  (W  being  infinite  in  no  way  prejudices  the 

Jo 

reasoning,  as  we  are  concerned  with  the  scries 

n^  sin  B 

Jo 
as  a  whole ;  and  the  function  in  brackets  must  always  be  less 
than  unity,   since  it  is  the  i)roduct   of  n  factors  of  the  form 

/-I  00 

j     <j){6i)  cos«e(C?e,-;  and  this,  ^i(fi)  being  always  positive;  is  less 

r*oo 
than  1     ^{€i)d€i  (that  is,  than  unity). 

«J— 00 

It  is  worth  while  to  examine  rather  more  carefully  the  ap])roach 
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to  tlic  limit  as  n  increases,  since  (2)  has  e"'*^^"  for  its  limit  only 

^^1  .  . 

when  —  is  of  the  order  -,  and  the  limits  of  the  integration  arc 
n  n 

from  ^=0  to  6  =  00  .     The  quantity  to  be  considered  is 

{i^hW  +  Ad' )"de,    ...     (3) 


f 


sin  I 


which  we  may  write 

r^sin^  ^  ,„ 

+£!!l^  {£%(.)  eoafj'W,     .     .     .     (4) 

where  a  is  a  finite  quantity  :  the  first  of  these  integrals  is  equal 

to  I    sin— T-e~^'"^'  -^'  which  diflfers  from  Erfcf  „^ — y  ]  by 
J^         Vn  6  \2hVnJ    -^ 


/-»» 

i' 


fie 


sm  —7—  e 


-hW^ 


We  can  see  in  a  general  way  that  this  integral  must  be  much 
smaller  than  the  previous  one,  owing  to  the  rapid  decrease  of  the 
exponential  factor.     Also,  as  «  is  at  our  disposal,  subject  only  to 

the  condition  that   — r-  must  be  of  the  order  — r-,  we  can  by 
vn  Vn  •' 

taking  it  large  render  the  latter  integral  very  small  indeed. 

"With  regard  to  the  second  integral  in  (4),   since  6  is  always 

greater  than  -y-,  I     ^(e)  cos  ~—de  must  diflFer  in  defect  from 

^'^    J-oo 

^(e)c?e(  =  l)  by  a  finite  quantity;  so  that  the  integral  is 


i 


less  than  ^^"(/3<1),  which  may  be  neglected  compared  with 

I  have  been  unsuccessful  in  several  attempts  to  prove  rigo- 
rously the  perfect  legitimacy  of  replacing  (3)  by  Erfc  (         .    ) 

when  n  is  large.  There  appears  to  be  a  real  difiieulty  inherent 
ill  this  jiortion  of  the  reasoning,  as  similar  ambiguities  present 
themselves  at  the  corresponding  points  in  Laplace's  and  Ellis's 
investigation.  There  would  be  no  difiieulty  if  we  might  take  n  to 
be  an  infinity  of  a  superior  grade  to  the  infinite  limit  of  the  in- 
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tegral,  so  as  to  replace  f  1 +  . . .  J  by  e-'''^^  throughout  the 

whole  extent  of  the  integration  with  regard  to  6 ;  but  practically 
n  is  merely  a  large  finite  number.  It  is  probable  that  a  perfectly 
general  and  rigorous  mathematical  demonstration  of  the  law  of 
facility  cannot  be  given  on  Laplace's  principles ;  but,  at  all  events, 
the  precise  nature  of  the  assumptions  necessary  for  its  truth 
might  be  investigated  with  advantage.  This  could  probably  be 
best  effected  by  careful  examination  of  one  or  two  special  cases ; 
but  in  those  that  follow  I  shall  make  no  attempt  to  examine  the 
point  just  noticed  very  carefully;  it  will  only  be  shown  that, 
admitting  it,  the  law  is  verified.  To  simplify  the  expressions, 
the  laws  of  facility  </),,  (f)^,  &c.  will  all  be  supposed  the  same,  and 
fx^,  yu,2,  &c.  will  be  taken  each  equal  to  unity. 

Taking  first  the  case  discussed  by  Leslie  Ellis,  viz.  when 
^(e)  =  ie'F%  the  lower  sign  being  taken  when  e  is  negative,  the 
integral  (1)  becomes 


2r*  .   d 

-]      sm  -^ 


eO  ,  1  "  sin  6^    ,. 
?~^cos-T  de  >    — Tj— ac7 


02  N-n 


i^-B) 


dd 


=  -  \      sm— r-  e    i^-n=  -v-Lrfc   -z-y-  ), 
TT  L  vn  0       viT         \ZvnJ 

^  0 

on  the  supposition  that  we  may  in  the  last  two  integrals  imagine 
the  infinite  limit  replaced  by  a  finite  quantity  when  we  please, 
or  that  we  may  imagine  n  increased  absolutely  sine  limite.  This 
investigation  is  very  much  shorter  than  Ellis's,  which  is  ob- 
tained by  expanding  the  circular  function  in  ascending  powers 
of  ^*.  It  might  for  the  moment  appear  as  though,  since  posi- 
tive and  negative  errors  are  equally  likely,  the  law  of  facility 
^(e)  must  be  a  function  of  e^.  It  is  clear,  howevei*,  that  such  a 
law  as  that  taken  above,  viz.  e~^^',  is  quite  as  admissible; 
there  is  no  reason  why  the  algebraical  expression  for  the  law 
should  be  continuous. 

There  are  not  a  great  many  forms  of  ^  for  which  <^[e)  cos  ae  de 
can  be  integrated  between  the  limits  0  and  co  in  finite  terms. 
The  following  two  cases,  however,  are  instances  of  such  forms : 

*  Camb.  Trans,  vol.  viii.  p.  213,     In  the  integral  there  discussed  cos^ 

sin  5 
takes  the  place  of  —k"  ;  the  reasoning,  however,  is  not  affected  thereby. 

Ellis  assumes  n  to  be  so  great  that  it  is  greater  than  the  number  of  terms 
in  the  series  for  cos  6  ;  i.  e.  he  takes  it  to  be  an  absolute  infinity. 


200     On  Laplace's  Proof  of  the  Method  of  Least  Squares. 
r^     cosbx      7  _  T        1 


r 


"'''  cos  bx   J 
ax 


a^  +  x^ 


e 
a 


''-'•=|'e-«*Erf(ac-^J  +  e"*Erf^«c+  |-)T-   ((>) 


Let  us  take,  therefore,  rf)(e)  =  — - — — — ,  and  tlic  resulting 


integral  is 


Similarly,  if,  in  aceordance  with  (6),  we  take  as  our  law 
4>{e)  = 


2\/7re«'^''Erfflca-^  +  €2 
the  resulting  integral 

2r=«/          o^-"-'-^^2  Y'sin^   ,.        2    ^,    r  l^/c'EYiac  \ 

=  ^X    V ~  '^^^'^^<^  ^••■)--e-de  =  -^Erfe |^_^,., ^^__  J- 

Poisson  t  has  demonstrated  that,  if  ^(e)  =  -  ^| s,  the  law  of 

facility  is  not  of  the  form  c'''^'.     This  arises  from  the  discouti- 

.,       .       ,,  ^  „r^C0Sffe         i-,  TT     ^  T-  1  1 

nuitv  in  the  vauie  ot  1      -; ,^,  which  =  -  c^".    It  can  be  easily 

J„      1  +  e^  2  ^ 

shown  that  the  same  discontinuiiy  occurs  if  <^(e)  be  propor- 
tional to  -j 4  &c.  This  virtually  includes  any  rational  alge- 
braical law  ;  for  ^(e)  must  not  be  infinite,  cither  when  e  is  finite 
or  infinite ;   so  that  tlie  most  general  expression  is 

^  ^  '  e^  +  G*  €^-\-  a 

thus  the  law  of  facility  would  not  he  proportional  to  c~'''^''  if 
tlie  facilities  of  the  individual  errors  were  rational  aliicbraical 
functions. 

AVith  reference  to  the  proofs  of  the  law  of  facilify  that  have 

*   riiil.  Miig.  he.  cif.  ]).  2yS. 
t    Coiniaissaiicc  ilcs  Tanps,  182/ . 
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been  givcn^  it  appears  that  Laplace's  and  Gauss's  second  demon- 
stration depend  on  principles  the  general  truth  of  which  is  ap- 
parent on  consideration,  and  the  mathematical  difficulties  are  not 
of  a  very  serious  kind.  The  illustration  derived  from  the  deflec- 
tion of  a  stone  let  fall  on  to  a  plane,  first  given  by  Sir  John 
Herschel  in  the  Edinburgh  Review,  has  been  sometimes  regarded 
as  a  proof  of  the  law*.  So  far  from  being  self-evident,  it  appears 
to  me  that  the  assumption  there  made  of  independent  x  and  y 
deflections  is  one  of  the  most  striking  consequences  of  Laplace's 
law  of  facility.  A  priori,  one  would  be  inclined  to  think  that 
the  largeness  of  an  x  deflection  would  increase  the  probability 
of  a  small  y  deflection,  as  then  the  total  deflection  would  be  ren- 
dered less.  At  all  events^  the  independence  of  the  x  and  y  de- 
flections is  a  very  unexpected  result  when  it  is  considei-ed  that 
it  may  be  derived  as  a  consequence  of  the  sole  assumption  that 
errors  that  occur  are  due  to  the  aggregation  of  errors  arising 
from  a  great  number  of  sources.  With  reference  to  Herschel's 
problem,  Ellis  has  remarked  that  "  there  is  no  shadow  of  reason 
for  supposing  that  the  occurrence  of  a  deviation  in  one  direction 
is  independent  of  that  in  another,  whether  the  two  directions  are 
at  right  angles  or  not"  (Phil.  Mag.  vol.  xxxvii.  (1850)  p.  325). 

XXIIL  On  Resonance,  and  on  the  Circumstances  under  ivhich 
Change  of  Phase  accompanies  Reflection.  By  Robert  Moon, 
M.A.,  Honorary  Fellow  of  Queeji's  College,  Cambridgef. 

TN  a  former  paper  J  I  pointed  out  the  misapprehensions  which 
have  arisen  with  regard  to  the  resonance  which  occurs  when 
a  disk  or  tuning-fork  is  made  to  vibrate  near  the  open  end  of  a 
tube  of  which  the  other  extremity  is  closed,  and  whose  length  is 
equal  to  one  quarter  of  the  length  of  a  wave  having  the  same 
periodic  time  as  the  disk  or  fork ;  and  I  showed  that  the  aug- 
mentation of  sound  which  under  those  circumstances  results  is 
due  to  the  fact  that  the  aerial  disturbance  caused  by  each  move- 
ment in  either  direction  of  the  vibrating  body,  by  reflection  at 
the  closed  end  of  the  tube,  is  brought  to  bear  on  the  disk  or  fork 
during  its  movement  in  the  opposite  direction,  so  as  to  increase 
the  amplitude  of  its  vibration. 

If  the  disk  and  tuning-fork  are  replaced  by  a  bell  which  can 
be  made  to  vibrate  by  means  of  a  bow  drawn  across  its  rim,  and 
the  width  of  the  tube  is  at  the  same  time  enlarged,  its  length 
continuing  equal  to  one  quarter  of  the  length  of  a  wave  of  the 

*  As  ill  Thomson  and  Tait's  '  Natural  Philosophy,'  vol.  i.  p.  314. 
f  Communicated  by  the  Author. 

J  "  On  a  Simple  Case  of  Resonance,"  inserted  in  the  Philosophical  Ma- 
ga2inc  for  February. 
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same  periodic  time  as  the  vibrating  body,  effects  similar  in  clia- 
racter  but  still  more  prominent  and  striking  will  occur  (Tyndall 
'On  Sound/  p.  176). 

If  we  further  substitute  for  the  pipe  stopped  at  one  end  an 
open  tube  twice  the  length  of  the  former,  like  results  will  con- 
tinue to  be  perceptible. 

The  method  of  explanation  I  have  already  developed  applies 
in  priucij)lc  to  this  latter  case  also. 

For,  suppose  the  tirst  wave  propagated  by  the  bell  down  the 
tube  to  be  a  condensation.  At  the  moment  when  the  front  of 
the  wave  reaches  the  aperture,  a  reflection  will  begin  to  take  place 
from  the  latter;  the  reflected  wave,  as  I  shall  presently  show, 
being  a  wave  of  rarefaction,  and  not  a  wave  of  condensation,  as 
would  have  been  the  case  had  the  reflection  taken  place  from  a 
fixed  obstacle.  Such  being  the  case,  if  we  represent  by  2/  the 
period  of  vibration,  going  and  returning,  of  the  bell,  we  shall 
have  within  the  tube  at  the  end  of  2^'  a  rarefied  wave  travelling 
Jrom  the  aperture  and  completely  filling  the  tube.  Hence,  du- 
ring the  third  interval  t  {i.  e.  while  the  bell  is  moving  for  the 
second  time  towards  the  tube),  the  rarefied  wave  reflected  back 
from  the  aperture  in  manner  already  explained  will  be  under- 
going a  second  reflection  at  the  bell,  and  so  will  bring  to  bear 
upon  the  latter  a  rarefaction  which  must  have  the  cflVct  of  acce- 
lerating its  motion;  and  so  for  each  successive  demi-vibratiou  of 
the  bell. 

The  fact  that  a  wave  of  condensation  after  traversing  a  tube 
will  send  back  a  wave  of  rarefaction  when  it  arrives  at  the  open 
extremity  of  the  tube,  may  be  proved  cither  popularly  or  analyti- 
cally. As  the  point  is  of  considerable  importance  I  shall  here 
pursue  the  latter  method. 

Adopting  the  notation  of  the  Encyclopcedia  Metrojoolitana, 
any  disturbance  of  the  air  within  a  cylindrical  tube  may  either 
be  represented  by  one  or  other  of  the  two  following  systems  of 
equations;  viz. 

velocity     .     .      =  (^{at—x),~\ 

^  <^[at-x)    I     ....     (1) 

condensation       = > 

a       .  J 

Of 

velocity     .     .     -^y^iat  +  x),-^ 

^{at  +  x)    L    ....      (2) 

condensation  = — > 

a  J 

or  else  will  be  capable  of  resolution  into  two  disturbances — one 
of  which,  represented  by  (1),  will  be  propagated  to  the  right  if 
X  be  measured  positively  in  that  direction,  while  the  other,  re- 
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presented  by  (2),  will  be  propagated  to  the  left^ :  and  in  this 
case  the  combined  disturbance  will  be  represented  by  the  system 

velocity  .     .    =^<l>{at—x)-^'>^[at-\-x),-\ 

,        ^.  4>{at-x)-'y\r{at  +  x)      I      •     (3) 

condensation  =  ^-^ ^-^ 

a  J 

If  the  tube  be  supposed  to  lie  on  the  right  of  the  bell,  it  is 
clear  that  the  wave  of  condensation  which  the  first  movement 
of  the  bell  tends  to  propagate  within  the  tube  may  be  repre- 
sented before  it  reaches  the  further  extremity  of  the  tube  by  the 
system 

velocity  .     .   =  f[at—x),  -s 

m-x)     I    ....     (4) 

condensation  =  ^^^^ -^t    f 

a         J 

As  this  wave  emerges  from  the  tube^  the  condensation  of 
any  thin  stratum  of  air  which  occupies  the  plane  of  the  aper- 
ture will  be  diminished ;  i.  e.,  by  reason  of  its  being  in  contact 
with  the  free  atmosphere  outside  the  tube_,  its  condensation 
will  be  less  than  it  would  have  been  had  the  tube  been  pro- 
longed indefinitely  beyond  the  aperture.  ]\Ioreover  such  dimi- 
nution of  condensation  of  the  air  occupying  the  aperture  w^ill  ne- 
cessarily be  accompanied  by  an  increase  of  its  velocity,  since,  the 
direction  of  particle-motion  in  a  wave  of  condensation  being 
always  the  same  as  that  of  propagation,  a  diminution  of  density 
on  the  side  towards  which  the  motion  takes  place  must  lead  to  an 
acceleration  of  the  latter. 

Hence,  measuring  x  from  the  aperture,  instead  of  the  velocity 
and  condensation  at  the  aperture  being  represented  by 

velocity  .         =  f{at), 


condensation  = 


fiat) 


a 


as  they  would  be  if  the  tube  w^re  prolonged  indefinitely  beyond 
the  aperture,  they  must  be  of  the  form  indicated  by  the  system 

velocity  .     .   =  f{at)  -\-f{at),  -^ 

condensation  =  Mt^i^.J     ....     (5) 

where,  assuming  the  velocity  to  be  measured  positively  in  the 

*  See  Encyc.  Met.  art  Sound,  No.  128.  It  may  be  remarked  that 
although  the  equations  in  the  text  do  not  apply  to  what  takes  place  outside 
the  tube  as  the  wave  emerges  from  it,  they  do  apply  to  what  takes  nlacij 
within  the  tube,  \\hich  is  sufficient  for  our  purpose. 
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same  direction  in  which  x  is  measured  positively,  we  have/, /j 
and  /j  all  jjositive. 

But,  tVoni  what  has  jirccedcd,  it  results  that  the  disturbance 
in  the  plane  of  the  aperture  must  be  represented  by  systems  of 
equations  of  one  or  other  of  the  three  following  forms,  viz. : — 

velocity  .     .   =  ^[at),  -^ 

condensation   =  ~ — •    \ 
ii       J 

velocity  .     .   =      ■^{ot),  -^ 
condensation  =  —  --^ — - ;   f 


velocity.     .   =  (^{at) -\- -^  {at) ,    -^ 

,         ^.  cf>{at)-y!r{at)      I    •     •      • 

condensation   =  ^-^ — i-^ — - ;    \ 

(I  J 


(8) 


and  it  is  clear  that  no  values  which  can  be  assigned  to  /^  /g 
will  reduce  (5)  to  the  form  of  (6)  or  (7).  It  must  therefore 
become  identical  in  form  with  (8),  in  order  to  which  we  must 
havey2=/i;  whence  it  is  clear  that  the  disturbance  within  the 
tube  during  the  period  in  w^hich  the  original  w^ave  of  condensa- 
tion is  endeavouring  to  escape  from  the  aperture  is  resolvable 
into  two  disturbances,  one  of  which,  propagated  to  the  right,  is 
identical  with  tlic  original  condensation  represented  by  (i),  while 
the  other  will  be  propagated  to  the  left,  and  will  be  represented  by 

velocity  .     .   =      /^{at  +  x), 

,  .  Aiat  +  w) 

condensation   =  —  ^^-^ -, 

a 

and  therefore,  the  expression  for  the  condensation  being  negative, 
will  be  a  rarefaction. 

In  precisely  the  same  manner  we  might  prove  that  a  wave  of 
rarefaction,  after  traversing  a  tube  open  at  both  ends,  when 
finally  emerging  from  the  tube  will  send  back  a  condensation. 

In  like  manner  also  it  may  be  shown  that  when  two  gases 
touch  each  other  along  a  given  ])lane  without  intermingling,  and 
a  pulse  is  transmitted  through  the  one  to  the  other  in  a  direction 
normal  to  the  plane  of  contact,  the  wave  reflected  from  the  latter 
will  be  of  the  same  phase  as  the  incident  wave,  or  the  opposite 
phase,  according  as  the  density  of  the  second  gas  is  greater  or 
less  than  that  of  the  first. 

The  same  holds  when  a  disturbance  is  ])ropagated  along  a 
stretched  cord  consisting  of  two  j)icccs  of  uii('(pial  density. 

It  may  in  fact  be  stated  as  a  general  truth,  that  whenever  a 


On  the  Action  of  Nuclei  on  a  Supci' saturated  Solution,     205 

wave  is  reflected  under  such  circumstances  as  to  make  the  par- 
ticle-velocity at  the  ])oint  of  reflection  greater  than  it  would  be 
if  the  wave  continued  to  be  transmitted  through  a  uniform  me- 
dium, the  incident  and  reflected  waves  will  be  of  opposite  phases ; 
and  for  this  reason,  viz.  that  the  directions  of  transmission  of 
these  waves  being  opposite,  when  they  are  in  opposite  phases 
their  particle-velocities  will  coincide  in  direction,  and  vice  versa. 

The  bearing  of  this  principle  upon  the  undulatory  theory  of 
Newton's  rings  will  not  fail  to  be  adverted  to. 

6  New  Square,  Lincoln's  Inn, 
February  5,  18/2. 


XXIV.  On  the  Action  of  Nuclei  in  separating  Gas  or  Vapour 
from  its  Supersaturated  Solution.  By  Charles  Tomlinson, 
F.R.S.^ 

IN  the  Philosophical  Magazine  for  August  and  September 
1867,  and  in  the  Proceedings  of  the  Royal  Society  for 
1868-00  (p.  248),  are  two  papers  by  me,  on  the  Action  of  Nuclei 
in  separating  Gas  from  Soda-water  &c.,  and  Vapour  from  Liquids 
at  or  near  the  boiling-point.  In  compliance  with  a  request  of 
the  Abbe  Moigno,  I  furnished  him  with  an  account  of  these  two 
papers  for  insertion  in  Les  Mondes,  in  which  they  appeared  in 
the  Numbers  for  the  12th  of  October  and  the  2nd  of  November 
last.  In  the  Number  for  the  21st  of  December  last,  the  Rev. 
P.  Sanna  Solaro,  S.J.,  has  made  some  critical  remarks  on  these 
two  papers,  in  which  I  endeavour  to  trace  the  action  of  nuclei  in 
separating  gas  and  vapour  from  their  supersaturated  solutions, 
although  the  remarks  in  question  are  chiefly  confined  to  the  se- 
paration of  vapour. 

I  may  remark  that  the  term  "  gaseous  supersaturated  solu- 
tion "  refers  to  such  liquids  as  soda-water.  Seltzer  water,  and 
champagne ;  and  seeing  that,  in  a  large  number  of  cases  in  which 
nuclei  separated  gas  from  them,  there  was  a  precisely  similar 
action  of  nuclei  in  separating  vapour  from  liquids  at  or  near  the 
boiling-point,  it  seemed  not  unreasonable  to  suppose  that  these 
last-named  liquids  are  constituted  like  the  former.  Moreover  in 
both  cases  the  received  opinion  is  that  nuclei  act  by  carrying- 
down  air,  into  which  the  gas  or  the  vapour  is  said  to  expand, 
and  so  escape;  whereas,  according  to  my  theory,  I  endeavour 
to  show  that  as  gas  or  vapour  will  adhere  to  an  oily,  fatty,  or 
greasy  body,  or  to  a  body  that  has  been  handled,  while  water 
will  not  so  adhere,  it  is  only  necessary  to  introduce  such  a  body 
into  the  solution  to  see  that  it  becomes  immediately  covered  with 
bubbles  of  gas  or  of  vapour.  These  bubbles  escape  from  its  sur- 
*  Communicated  b}'  the  Author. 
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face  so  long  as  it  continues  to  be  covered,  more  or  less,  with  a 
film  of  a  body  that  can  be  touched  by  air  or  vapour  and  not  by 
water.  A  flint  pebble  that  has  been  exposed  to  the  air  of  a  room 
or  handled,  and  put  into  a  solution  of  gas  or  of  vapour,  imme- 
diately becomes  covered  with  bubbles;  but  if  broken  in  half  and 
returned  to  the  solution,  not  a  single  bubble  is  to  be  seen  on 
the  fractured  parts;  for  these  arc  specimens  of  nature's  clean 
surfaces.  If  air  has  any  function  to  perform  in  the  matter,  why 
should  the  unclean,  and  not  the  clean  surfaces  carry  it  down  ? 

Some  liquids  contain  their  own  nuclei,  as  in  the  case  of  milk. 
When  this  is  heated  over  the  fire,  it  becomes  more  and  more 
charged  with  vapour;  and  at  a  certain  point,  the  particles  of  but- 
ter disseminated  through  it,  assisting  the  expansive  force  of  the 
heat,  produce  such  a  sudden  burst  of  vapour  as  to  cause  the 
liquid  to  boil  over. 

If  a  body,  such  as  a  glass  rod,  be  made  chemically  clean,  and 
then  be  plunged  into  a  supersaturated  solution  of  gas  or  of  va- 
pour, not  a  single  bubble  will  be  seen  upon  it,  because  both 
water  and  gas,  or  water  and  vapour,  adhere  to  it  with  equal  force. 
If  the  clean,  but  wet,  glass  rod  be  left  to  dry  in  the  dusty  air  of 
the  room,  and  when  dry  be  plunged  into  the  solution,  it  will  be 
active ;  but  if  left  to  dry  in  the  pure  outer  air  of  the  country, 
and  when  dry  be  plunged  into  the  solution,  it  is  inactive,  because 
it  is  still  in  a  clean  or  catharized  state.  The  same  remark 
applies  to  a  supersaturated  saline  solution. 

I  find  it  difficult  to  reply  to  such  objections  as  those  that  M. 
Solaro  has  brought  forward,  because,  apparently  without  repeat- 
ing my  experiments,  he  sometimes  refuses  to  accept  my  account 
of  them  as  true.  For  example,  he  cannot  understand  how  a  cage 
of  fine  wire  gauze  can  be  introduced  into  a  liquid  at  or  near  the 
boiling-point  and  still  retain  some  of  its  air.  "  La  cage  etait 
descendue  doucement  dans  I'eau,  et,  par  consequent,  k  mesure 
que  sa  partie  inferieure  descendait.  Fair  devait  sortir  doucement 
aussi  par  la  partie  superieure.''  If,  instead  of  making  this  re- 
mark, M.  Solaro  had  simply  tried  the  experiment,  he  would  not 
have  placed  himself  in  the  position  of  the  man  who,  being  told 
that  the  facts  were  against  him,  replied,  "  So  much  the  worse 
for  the  facts  !  " 

Again,  when  I  produce  ebullition  by  the  contact  of  an  unclean 
body  with  a  liquid  near  its  boiling-point,  ]\I.  Solaro  says  "I'ebul- 
lition  arrivcrait  sans  le  contact  quelques  instants  plus  tard." 
Now  that  is  just  the  very  thing  that  it  would  not  do;  for  I  ar- 
ranged the  hot-water  bath  so  as  to  keej)  the  liquid  to  be  operated 
on  near  to,  but  not  at  the  boiling-point. 

Once  more,  I  say  that  the  glass  vessels  in  which  liquids  are 
usually  boiled  and  distilled  i)y  the  chemist,  arc  frequently  dotted 
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over  with  minute  points  of  cavbon  &c.,  which  act  as  excellent 
nuclei  and  save  many  a  vessel  from  destruction.  M.  Solam 
makes  me  say  that  these  are  points  which  the  eye  cannot  detect ; 
whereas  I  say  no  such  thing.  Any  one  who  boils  liquids  in 
glass  vessels  must  have  noticed  ascending  vortices  of  vapour 
from  certain  points  in  the  glass,  and  that  these  points  consist  of 
small  black  specks  of  carbon  which  act  as  excellent  nuclei. 
Hence  it  cannot  be  said  of  these,  "  lorsque  tout  I'air  ou  le  gaz  a 
disparu,  le  phenomene  a  cesse,  mais  seulement  alors  et  par  cette 
raison."  Any  one  of  these  points  will  remain  active  during 
many  hours,  and  surely  it  cannot  be  seriously  maintained  that 
during  all  this  time  it  is  giving  off  air. 

M.  Solaro  asks,  "  Pouvons-nous  supposer  qu'un  corps  quel- 
conque  se  purifie  par  le  simple  contact  d'un  liquide  chaud  quel 
qu'il  soit?"  The  action  of  liquids  at  the  boiling-point  in  ren- 
deriiig  bodies  chemically  clean  ought  to  be  well  known  to  every 
one  who  has  distilled  sulphuric  acid  or  alcoholic  or  ethereal 
liquids,  were  it  not  that  the  idea  is  so  strongly  fixed  in  the  mind 
that  all  "promoters  of  vaporization  ^^  act  by  carrying  down  air. 
Sand,  cleaned  by  boiling  in  sulphuric  acid,  washing,  and  heating, 
or  clean  mercury  (as  described  in  my  experiments)  introduced  into 
boiling  water,  must  surely,  according  to  the  theory  advocated  by 
M.  Solaro,  carry  down  air;  but  they  produce  soubresauts  at 
once;  whereas  a  little  unclean  sand  or  unclean  mercury  stops 
the  soubresauts  and  produces  tranquil  boiling. 

The  permanent  nuclei,  such  as  charcoal  and  other  porous 
bodies,  act,  as  I  believe,  on  Saussure^s  principle  of  the  absorption 
of  gases  and  vapours.  A  piece  of  charcoal  will  act  for  many 
hours,  and  even  days,  in  liberating  vapour  from  a  boiling  liquid  ; 
and  can  it  be  supposed  for  a  moment  that  during  all  this  time 
it  is  giving  oflf  air  as  well  as  vapour  ? 

If  there  are  any  other  points  in  M.  Solaro's  objections  that  I 
have  not  noticed,  it  is  because  I  am  unwilling  to  repeat  what 
has  been  already  said  in  my  two  papers.  In  the  second  paper 
I  have  pointed  out  the  different  results  obtained  as  to  tempera- 
ture by  heating  a  liquid  by  means  of  a  flame  applied  below,  and 
by  placing  a  vessel  in  a  bath  of  hot  oil  or  other  source  of  heat. 
I  have  also  shown  how  very  improbable  it  is  that  gases  such  as 
nitrogen,  which  are  so  little  soluble  in  water,  especially  in  boil- 
ing water,  should  continue  to  exist  in  it  after  long  boiling.  I 
have  often  repeated  Mr.  Grove's  experiment,  in  which  water 
covered  with  oil  was  repeatedly  boiled.  I  covered  the  water 
with  paraffine-oil  and  boiled  it  several  times  a  day  during  a 
week.  The  result  was,  that,  if  the  boiling  be  somewhat  brisk, 
the  oil  becomes  broken  up  into  globules,  which  are  carried 
down  to  the  bottom  of  the  tube.  If  less  brisk,  the  surface 
of  the  oil  opens,  lets  in  air  and  closes  upon  it ;  the  air  then 
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rises  to  llic  surface  iu  bubbles.  In  this  way  ten  or  twelve  bub- 
bles of  air  may  form  a  r'lup;  on  the  surface  in  contact  with  the 
glass.  If  a  small  flame  of  a  spirit-lamj)  be  now  applied  to  the 
bottom  of  the  tube,  a  bubble  of  steam  will  often  ascend  through 
the  oil  and  fish  down  one  or  two  or  three  of  these  bubbles,  which 
may  burst  and  scatter  a  multitude  of  minute  bubbles  against  the 
side  of  the  tube,  where  they  remain  a  long  time.  It  would  be 
quite  natural  to  suppose  that  these  bubbles  are  derived  from  the 
water  instead  of  from  the  superincumbent  air.  It  is  curious  to 
see  how  easily  a  bubble  of  steam  adheres  to  a  bubble  of  air.  I 
believe  this  to  be  the  source  of  the  air  found  in  boiling  liquids 
in  the  form  in  which  this  experiment  is  arranged. 

In  conclusion,  I  will  give  the  results  of  a  few  experiments 
which  were  made  after  reading  M.  Solaro's  paper. 

Exp.  1.  Distilled  water  was  poured  into  a  clean  flask,  .and 
this  was  ))laced  over  the  flame  of  a  spirit-lamp.  Two  vortices  of 
steam-bubbles  continued  to  ascend  from  two  small  but  visible 
black  specks  in  the  bottom  of  the  flask  so  long  as  the  boiling 
was  continued. 

Eap.  2.  A  rat's-tail  file  placed  in  boiling  water  gave  off"  steam 
from  every  part  of  the  immersed  surface.  The  file  was  washed 
in  soap  and  water.  It  was  now  active  at  several  points.  It 
was  then  washed  in  alcohol,  it  was  still  active,  and  on  closely 
examining  these  points  they  were  evidently  rust.  The  flle  was 
put  into  dilute  sulphuric  acid  and  dried  in  hot  air.  It  was  then 
inactive.  Now  let  me  ask  why  the  file,  after  the  first  cleaning, 
should  act  in  one  or  two  ])oints  only,  and  not  over  its  whole 
surface,  if,  according  to  the  theory,  rough  bodies  are  most  eft'ec- 
tive  in  carrying  down  air  ? 

Exp.  3.  Drew  the  flic  through  the  hand  that  had  been 
lightly  smeared  with  oil.  The  file  when  introduced  into  the  hot 
water  was  immediately  covered  with  bubbles,  and  bubbles  escaped 
from  its  surface  during  several  minutes,  so  long  as  the  water  was 
just  about  the  boiling-point. 

Exp.  4.  A  clean  glass  rod  put  into  boiling  water  was  entirely 
free  from  bubbles.  It  was  then  covered  with  a  film  of  castor- 
oil,  and  when  restored  to  the  boiling  water  became  immediately 
covered  with  small  bubbles,  while  large  bubbles  escaped  from 
various  parts  of  its  surface. 

Exp.  5.  Wood-spirit,  boiling  at  140°  F.,  contained  in  a  test- 
tube,  was  plunged  into  a  flask  of  hot  water.  A  clean  glass  rod 
that  had  been  exposed  during  an  hour  to  the  air  of  my  garden 
was  inactive.  It  was  drawn  tlu'ough  the  iiand  that  had  been 
made  slightly  greasy  with  lard,  and  when  reinserted  it  produced 
such  a  burst  of  vapour  as  to  turn  out  half  the  contents  of  the  tube. 

A  similar  result  was  produced  with  ether  and  bisulphideof  carbon. 

lli-li-iito  N.,l'Vbruiuy  12,  1H72. 
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XXV.  The  Origin  of  Malaria.     J5y  Daniel  Vaughax*. 

To  the  Editors  of  the  Philosophical  Mar/azine  and  Journal. 
Gentlemen,  Cincinnati,  December  30,  18/1. 

I  SHOULD  like  to  submit  to  scientific  men  a  brief  exposition 
of  my  researches  on  Malaria,  as  I  think  they  will  be  re- 
ceived with  some  degree  of  interest.  The  present  communica- 
tion contains  the  chief  points  given  in  two  papers  at  the  Academy 
of  Medicine  of  this  city ;  but  it  is  prepared  with  more  care  and 
bettei'  adapted  to  the  character  of  the  Philosophical  Magazine. 
Hoping  that  you  will  give  it  publication  at  your  earliest  conve- 
nience, 

I  remain, 

Yours  very  truly, 

Daniel  Yaughan*. 

"While  excessively  moist  lands  in  warm  climates  are  known  to 
be  very  unfavourable  to  health,  no  adequate  cause  for  the  evils 
is  to  be  found  in  the  local  variation  in  the  gaseous  constituents 
of  the  air,  or  in  any  direct  influence  of  the  aqueous  vapour 
which  it  contains.  To  remove  the  mysteries  connected  with  the 
insalubrity  of  such  localities,  the  course  of  experimental  inquiry 
has  recently  been  directed  to  a  search  for  the  organic  matter  in 
air  and  in  water ;  but  an  examination  of  the  sources  from  which 
this  matter  is  derived  may  contribute  much  to  reveal  its  pecu- 
liar characters  and  its  effects  on  the  human  frame.  Tor  the 
greater  portion  of  the  carbonaceous  matter  which  it  contains 
the  atmosphere  is  indebted  to  the  vegetable  kingdom;  and  to 
this  great  repository  of  carbon  we  may  first  look  for  the  source 
of  marsh-poison,  which  is  generally  regarded  as  having  a  vegetable 
origin. 

Though  serious  evils  may  be  justly  imputed  to  the  dust 
which  occasionally  floats  around  us,  they  must  be  excluded  from 
consideration  in  inquiries  respecting  the  insalubrity  of  marshes. 
In  these  permanent  abodes  of  moisture  dust  cannot  be  ex- 
pected to  rise  from  the  ground  ;  and  its  solid  particles  would 
be  only  removed  from  the  air  by  those  rains  which  observation 
proves  to  be  instrumental  in  developing  the  activity  of  malaria. 
Alkaloids,  vegetable  acids,  and  the  salts  which  they  form  might 
mingle  with  the  fresh  waters  of  our  lauds ;  yet  they  cannot 
be  expected  to  pass  into  the  air  in  a  quantity  suflacient  to  affect 
in  a  serious  degree  the  economy  of  animal  life.  But  the  vola- 
tile oils  emitted  by  living  and  decaying  plants  have  the  greatest 
tendency  to  charge  the  air  with  their  vapours ;  and  as  the 
extent  of  this  impregnation  depends  chiefly  on  heat,  they  appear 
*  Communicated  bv  the  Author. 
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to  correspond  to  those  malarious  emanations  which  marshes  are 
ready  to  send  i'orth  in  obedience  to  the  elevation  of  temperature. 
From  the  limited  scale  on  which  they  are  ])roduced  on  our 
globe,  these  volatile  oils  could  have  little  intluence  on  the  con- 
dition of  human  health  if  they  were  uniformly  diflfused  through 
the  atmosphere,  or  even  if  they  entered  it  by  vegetable  exhala- 
tion alone.  V>\xt,  from  their  slight  solubility  in  water,  they  are 
collected  during  rains  into  low  marshes  ;  and  under  the  influ- 
ence of  heat  the  air  in  these  localities  must  be  tilled  with  the 
vapours  of  the  volatile  organic  matter  produced  on  the  high  lands 
around  them.  The  course  of  nature  in  this  case  is  very  similar 
to  that  exhibited  on  a  small  scale  in  obtaining  volatile  oils  or 
perfumes  from  different  parts  of  plants  by  aqueous  distillation. 
On  distilling  with  water  the  vegetable  products  in  which  they 
are  contained,  the  essential  oils  pass  over  with  the  steam  and 
are  obtained  by  condensation  in  a  pure  or  in  a  concentrated  form. 
Though  it  is  not  always  necessary  that  they  should  dissolve  in 
the  fluid  before  volatilizing,  yet  the  solution  generally  takes 
place;  and  it  contributes  to  the  success  of  the  operation  in 
cases  where  the  essential  oils  form  but  a  small  part  of  the  mate- 
rials from  which  they  are 'manufactured.  In  obtaining  the  fer- 
ment oils,  the  leaves  and  other  parts  of  plants  capable  of  aflbrd- 
ing  them  require  to  be  steeped  in  water  for  some  days ;  and 
distillation  is  not  performed  until  the  odour  of  the  fluid  gives 
indication  that  the  oils  have  been  generated.  The  mode  gene- 
rally ado])ted  for  obtaining  these  volatile  principles  from  vege- 
table matter  depends  on  their  slight  solubility  in  water,  and  on 
the  manner  in  which  they  are  affected  by  an  increase  of  tempe- 
rature. 

From  these  results  it  is  easy  to  trace  the  inevitable  course  of 
similar  operations  transpiring  in  nature  on  a  far  more  extensive 
scale.  Of  the  rain  which  falls  during  warm  seasons,  a  large 
part  comes  into  repeated  contact  with  numerous  vegetable  forms 
as  it  descends  along  the  leaves  and  branches  of  trees  or  moves 
through  the  flov/ers  and  herbage  of  verdant  fields  ;  so  that  on 
reaching  the  valleys  the  water  must  be  contaminated  with  the 
essential  oils  of  living  plants,  and  with  the  ferment  oils  of  their 
decaying  parts.  In  this  manner  a  marsh,  an  enclosed  lake,  or 
a  pond  becomes  the  receptacle  of  a  large  portion  of  the  volatile 
organic  matter  generated  within  the  basin  from  which  itswatei'S 
arc  collected.  The  volatile  oils  which,  on  the  occurrence  of  cool 
and  heavy  rains,  are  thus  concentrated  from  a  wide  area  into  a 
marsh,  change  into  vapour  as  the  water  becomes  warm ;  and 
they  will  be  most  ready  to  contaminate  the  air  over  such  perma- 
nent abodes  of  moisture  during  the  intense  licat  of  summer. 

Tiie  relation   which  I  have  traced  between  the  processes  of 
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nature  and  of  art  for  concentrating  into  a  limited  space  the 
diffusible  oils  of  plants,  does  not  require  that  the  water  of  a 
marsh  should  be  subjected  to  a  boiling  heat.  This  will  appear 
evident  from  well-known  facts  and  principles  respecting  vapori- 
zation; and  without  insisting  on  the  rigorous  accuracy  of 
Dalton's  law,  we  may  use  it  to  determine  approximately  the 
amount  of  these  volatile  oils  which  at  a  certain  temperature  can 
exist  as  vapour  in  a  given  volume  of  air,  or  rather  in  a  given 
space.  This  may  be  estimated  theoretically  from  the  boiling- 
point  of  the  oil  and  from  the  density  of  its  vapour."  It  may  be 
thus  found  that  eight  thousand  parts  of  air  at  the  temperature  of 
50°  F.  would  be  capable  of  holding  as  vapour  one  part  of  the 
oil  of  wintergrecn,  two  parts  of  the  oil  of  meadow-weed,  or  six- 
teen parts  of  the  oil  of  turpentine ;  but  the  same  air  could  hold 
double  the  amount  of  these  vapours  at  75°F.,  and  four  times  as 
much  at  100°  1\  With  regard  to  the  ferment  oils,  the  slow  rate 
at  which  they  pass  over  with  the  steam  during  their  distillation 
is  a  sufficient  indication  that  it  requires  but  a  very  small  portion 
of  their  vapours  to  saturate  the  air,  even  during  our  warmest 
summers. 

From  further  inquiries  as  to  the  origin  of  these  organic 
bodies,  their  presence  in  low  marshes  will  appear  still  more 
dependent  on  heat ;  and  more  evidence  is  thus  obtained  of  their 
identity  with  malaria.  It  is  in  the  warmest  climates  affording  the 
proper  conditions  for  vegetation  that  essential  oils  are  produced 
in  the  greatest  abundance  and  ferment  oils  are  most  rapidly 
developed  by  decaying  vegetable  matter.  Accordingly  in  these 
regions  the  air  over  marshes  will  most  frequently  receive  almost 
the  full  amount  of  organic  vapours  which  its  high  temperature 
enables  it  to  sustain.  But  the  restless  condition  of  the  air 
often  prevents  it  from  remaining  over  these  localities  long 
enough  to  be  largely  impregnated  or  poisoned  by  their  exha- 
lations; and  the  trade-winds  contribute  much  to  avert  the 
insalubrity  which  heat  and  moisture  are  ever  ready  to  produce 
in  tropical  climates. 

In  marshes  surrounded  by  high  grounds  the  air  is  consider- 
ably impeded  in  its  movements,  and  is  thus  caused  to  imbibe  a 
larger  quantity  of  their  volatile  vapours.  To  the  calmness  from 
which  such  evils  arise,  the  presence  of  water  in  a  valley  contri- 
butes in  an  indirect  manner.  From  the  absorption  of  heat  in 
the  formation  of  aqueous  vapour,  the  lowest  air  in  such  localities 
would  have  a  specific  gravity  higher  than  its  position  would  call 
for,  and  it  would  be  accordingly  less  sensitive  to  those  forces 
which  occasion  gentle  winds.  Numerous  trees  also  tend  much 
to  the  quiescent  condition  of  the  air  in  valleys  and  marshes ; 
and  it  is  chiefly  on  this  account  that  the  destruction  of  forests 
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has  contributed  so  nuich  to  check  the  career  of  intermittent 
fever  in  tlic  New  Workl.  It  is  partly  in  consequence  of  the 
storms  with  which  they  arc  accompanied  that  excessive  rains 
arrest  for  a  time  the  effects  of  malaria;  but  the  mitigation  of 
the  evil  also  depends  on  the  excessive  dilution  of  the  volatile 
oils  with  water,  and  their  diminished  liability  to  escape  into 
the  air. 

In  dry  valleys,  in  marshes  which  have  been  drained,  and  in 
lakes  having  an  outlet,  the  excessive  accumulation  of  the  vapour 
of  malaria  is  in  a  great  measure  prevented;  but  the  evils  wiiich 
it  is  capable  of  infiicting  are  generally  transferred  to  other  places. 
Though  volatile  oils  oxidize  and  become  inert  in  the  air,  they 
are  slow  to  change  their  characters  in  water;  and,  accordingly, 
a  river  which  drains  lands  teeming  with  verdure  and  bearing  a 
luxuriant  vegetation  must  be  impregnated  with  tlie  volatile 
organic  matter  which  they  supply,  and  which  is  ready  to  escape 
into  the  air  when  favoured  by  the  influence  of  heat  and  evapora- 
tion. It  is  on  this  account  that  the  rivers  of  Italy  contribute 
much  to  the  insalubrity  of  the  lands  through  which  they  pass  ; 
and  many  marshes  along  their  banks  exhibit  the  effects  of 
malaria  imported  from  distant  localities,  and  surrendered  to  the 
air  by  the  water  which  is  imprisoned  and  evaporated  in  stagnant 
pools.  Rivers  also  hnd  the  conditions  for  diffusing  their  volatile 
organic  matter  when  they  pass  through  lakes,  or  when  they 
spread  their  waters  over  the  deltas  which  are  so  generally  formed 
at  their  mouths  in  tideless  seas. 

As  volatile  oils  slowly  escape  from  the  water  or  change  their 
characters  by  oxidation,  there  must  be  a  limit  to  the  distance 
to  which  their  poisonous  characters  can  be  transmitted  by  rivers. 
An  instance  of  the  effects  which  these  causes  produce  may  be 
found  in  the  case  of  the  Nile,  which  in  the  latter  part  of  its 
course  runs  over  a  thousand  miles  without  receiving  a  single 
tributary,  ^yhatever  volatile  poisons  may  have  contaminated 
its  waters  in  Equatorial  Africa,  niust  have  been  either  expelled 
by  heat  or  rendered  inert  by  oxidation  during  its  long  journey 
to  the  Mediterranean.  Accordingly  its  floods  do  not  prevent 
Egypt  from  enjoying  a  comparatively  healthy  climate.  This 
boon  may  be  ])artly  ascribed  to  the  dryness  of  the  air  and  the 
unfrcqucncy  of  rains  in  Egypt;  but  IJussorah,  in  a  region 
cf|ually  dry  and  free  from  rains,  is  rendered  extremely  pesti- 
lential by  the  inundations  of  the  Euphrates;  and  the  streams 
wliifli  descend  along  the  verdant  vales  on  the  southern  side  of 
the  J'^lburz  mountains,  give  to  the  city  of  Teheran  a  degree  of 
insalubrity  which  cannot  be  ascribed  to  the  luxuriance  or  to  the 
decay  of  vegetation  in  its  immediate  vicinity. 

It  is  probable  that  the  various  volatile  oils  under  consideration 
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differ  much  in  tlieir  effects  on  human  health;  but  tliis  question 
can  only  be  settled  by  observation  and  experiment.  These  valu- 
able means  of  inquiry,  however,  have  been  rendered  unproductive, 
as  they  have  been  guided  by  the  opinion  that  all  malarious 
emanations  are  produced  by  the  plants  growing  in  the  moist 
localities  where  their  evils  are  manifested.  Yet  we  mast  con- 
sider that,  to  impregnate  the  air  which  changes  so  frequently 
over  them,  marshes  must  have  a  very  abundant  source  of  these 
exhalations;  and  it  seems  impossible  that  so  large  an  amount  of 
poisonous  matter  could  exist  in  their  plants  without  being  dis- 
coverable by  the  resources  of  chemical  analysis.  But  the  diffi- 
culty may  be  removed  by  supposing  that  the  poison  consists  of 
volatile  vegetable  oils  collected  from  wide  areas  to  the  low  seats 
of  moisture,  or  occasionally  transported  away  by  rivers,  and  thus 
enabled  to  make  inroads  on  the  human  health  in  distant  regions. 
Cincinuatij  December  30, 1871. 


XXVI.  Researches  on  the  Electromotive  Force  in  the  Contact  of 
Metals,  and  on  the  Modijication  of  that  Force  by  Heat.  By  E. 
Edlund. 

[Continued  from  p.  98.] 

§4.     . 

Iron-Cojjper. 

EXPERIMENT  1.  Intensity  of  the  current  =  tan  23°  38'. 
The  current  was  reversed  after  three  quarters  of  an  hour. 

Deviations. 
49-11 
49-0  h8-43 

46-6 1 
42-6    45-20 

49-0  J 

46-7  148-03        Mean  47*22 

49-7  J 

The  numbers  under  the  heading  ''Deviations'^  designate  the 
distances  in  millimetres  passed  through  by  the  index  during  45 
miniites.  Thus,  at  the  first  reversal  of  the  current,  the  index 
traversed  49-1  millims.  in  one  direction.  The  current  having 
been  afterwards  restored  to  its  previous  direction,  the  index  re- 
trograded 49  millims.  After  the  time  fixed,  the  current  was 
again  reversed,  and  the  index  gave  46-6  divisions  of  the  scale 
towards  the  same  side  as  at  first.  Now,  taking  the  mean  of  the 
first  and  third  deviations,  and  adding  to  it  the  second,  the  sum 
divided  by  2  gives  48-43.     All  the  other  means  were  calculated 
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by  the  same  process.  This  artifice  was  necessary  on  account  of 
the  proper  movement  of  the  index  independently  of  the  direction 
of  the  current.  As  was  said  above^  in  these  numbers  unity  cor- 
responds to  about  0002°  Celsius. 


Exp.  3.  Intensity  =  tan  16°  55' 
Deviations. 
32-4] 

30-8  U3-42 
39-7J 


Exp.  5.  Intensity  =  tau  5°  35'. 

Deviations. 
7-2-| 
16-2  U3-33 
13-7 


Exp.  2.  Intensity  =  tan  1G°  38'. 

Deviations. 
3()-9i 
30-5    32-10 

30-5 

39-7  1 33-48    ]\Iean  32-79 
24-0  J 

Exp.  4.  Intensity  =  tan  5°  53'. 

Deviations. 
14-9  ] 

10-2    13-68 
19-4  <^ 

7-7  113-20     Mean  13-44 
18-0  J  i 

Reducing  the  deviation  in  experiment  2  to  the  same  intensity 
of  current  as  in  experiment  3,  and,  in  the  same  manner,  the 
deviation  in  experiment  5  to  the  intensity  of  the  current  in 
exp.  4,  we  obtain  respectively  33-38  and  14-05.  Taking  the 
means  of  these  numbers  and  those  directly  observed  for  the  same 
intensities  of  the  current,  for  tan  16°  55'  the  deviation  33-40  is 
obtained,  and  for  tau  5°  53'  the  deviation  13-74. 

By  calculating  these  observations  in  the  manner  above  indi- 
cated, we  obtain,  as  mean  value,  /3  =  3"1825,  and, 

from  the  observation  with  the  current- 
intensity  =  tan  16°  55',  a  =  125-0 
„           „           „           „         =  tan    5  33,  «=  135-6 
„           „           „           „         =  tan  23  38,  a  =  136-9 

Mean  =132-5 

Several  months  after  the  preceding  experiments,  and  after 
other  metallic  combinations  had  been  investigated,  the  iron- 
copper  combination  was  again  put  into  the  apparatus  and  sub- 
mitted to  fresh  researches  with  the  view  of  ascertaining,  among 
other  things,  whether  during  that  long  time  the  apparatus  had 
undergone  any  alteration.  The  following  results  were  ob- 
tained : — 
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Exp.  7.  Intensity  =  tan  lO''  8'. 
Deviations. 

11-9) 
38-0  |- 23-85 

7-5 
24-3^22-65    Mean  23-65 
34-5 


Exp.6.  Intensity  =  tan27°  10'. 

Deviations, 
4-1] 
100-9    54-35 
11-5] 

98-3    59-60 
30-3 1 

^^;^j57-95Mean57'30 

Submitting  these  two  experiments  to  the  calculation  above 
indicated^  we  obtain  yS  =  1-625,  and  «  =  133'4. 

Now,  taking  the  mean  of  the  four  values  of  a  obtained,  the 
final  result  is  a  =] 32-73.  Thus  at  a  cun-ent-intensity  =  1 
=  tan  45°,  there  is  developed  or  absorbed,  at  the  surface  of  con- 
tact between  copper  and  iron,  a  quantity  of  heat  represented,  in 
the  units  chosen,  by  the  number  132"73. 

In  the  following  three  experiments  the  current  was  reversed 
at  the  end  of  15  minutes,  consequently  before  the  temperature 
had  had  time  to  become  stationary.  In  order  to  abridge,  for  all 
the  subsequent  experiments  we  will  only  give  the  reduced 
numbers. 


Exp.  8.  Intensity  =  tan  28°. 

Deviations. 
36-35 
36-00 
35-00 
35-93 

Exp.  9.  Intensity  =  tan  10 

Deviations. 
15-43 
15-20 
14-63 
15-38 

Mean  .  .  35-82 

Mean  .  .  15-16 

Exp.  10.  Intensity  =  tan  18°. 

Devi 
2c 
2^ 
2^ 
21 

itions. 

5-78 

t-18 

t-45 

J-90 

Mean 


24-08 


Calculating  from  these  numbers  u^  and  ^5^,  corresponding  to 
«  and  IS  of  the  other  experiments,  we  obtain,  for  the  mean  value, 
i8,= 3-1644,  and, 

from  the  observations  with  tan  28°,     a^  =  92-74 

18°,     «,=:85-60 
10%     ^,  =  90-11 

Mean     .     .     89-48 
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The  ])assagc  of  the  positive  current  from  the  copper  to  the 
iron  produced  a  coohiig  at  the  surface  of  uuion. 

Copper-P/afinum. 


Exp.  11.  lutenslty  =  tan  12°. 

Deviations. 

9-13 

973 

10-95 


Exp.  12.  Intensity  rrtanSCdS'. 

Deviations. 
31-90 


Mean 


31-10 
31-50 


Mean  .  .     9-94. 
E.\p.  13.  Intensity  =  tan  23°  55'. 

Deviations. 
19-38 
19-53 

Mean     .     .     19-45 

Ilcncewc  obtain  /3  =  0-5445,  and  from 

Exp.  11 «  =  47-34 

12 a  =  48-16 

13 «  =  46-15 

Mean     .     .      4^22 

The  clcetroniotive  force  of  the  copper-platinum  combination 
is  tlicrcforc  ex])rcsscd  by  47-22. 

The  two  following  experiments  were  made  at  15-minute  in- 
tervals. 

Ex]).  14.  Intensity  =  tan 37°.      Exp.  15. Intensity  =tanl5°30'. 

Deviations. 
7-98 


Intensity  =  tan  37' 

Deviations. 
21-00 
18-43 
20-90 
20-88 
.22-15 

Mean  .  .  20-67 


Mean 


8-25 
7-80 
9-90 
7-32 

8-25 


Erom  these  two  experiments  we  obtain  /S^  =  0-3G90,  and 
a^  =  3()-17.  The  passage  of  the  positive  current  from  the  plati- 
num to  thecoj)per  produced  a  cooling  at  the  surface  of  uuion. 

Copper-  A  htm  inium . 


Exp.  16.  Intensity  =  tan  29°52'. 

Deviations, 
18-10 
14-73 
1G-J20 

Mean  .  .  10-34 


Exp.  1 7.  Intensity  =  tan  14°45'. 

Deviations. 

7-23 

8-05 

910 

Mean  .  .  y.i3 
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Exp.  18.  Intensity  =  tan  41°  50'. 

Deviations. 

23-70 

24-70 

23-73 

Mean     .     .     24-04. 
From  these  three  experiments  we  obtain  yS  =  0-4851,  and  from 
Exp.  16 a  =  31-40 


17. 
18. 


a  =  30-65 
a  =  31-65 


Mean 


31-23 


Some  months  after  the  above  experiments,  the  copper-alumi- 
nium combination  was  again  introduced  into  the  apparatus,  and 


I  made  the  two  following  : — 


Exp.  19.  Intensity  =  tau38°15'.  Exp. 20.  Intensity  =  tan20°55'. 


Deviations. 
21-03 
21-30 


Deviations. 
11-82 
I013 


Mean  .  .  21-17  Mean  .  .  10-98 

If  we  calculate  the  last  two  experiments  in  the  usual  manner, 
we  obtain  /3  =  0-3182,  and  «  =  29-29. 

Taking  the  mean  of  the  four  values  of  a  for  the  copper-alumi- 
nium combination,  we  obtain  the  linal  result 
«  =  30-77. 

The  passage  of  the  positive  current  from  the  aluminium  to  the 
copper  produced  a  cooling  at  the  surface  of  union. 

Three  values  of  a  have  been  obtained  for  each  of  the  above- 
mentioned  combinations.  The  concordance  of  these  values 
within  the  limits  of  possible  errors  of  observation  proves  that  the 
formulae  of  calculation  made  use  of  answer  their  purpose.  An- 
other series  of  observations  on  the  iron-copper  combination,  for 
which  I  used  two  copper  cylinders  not  silvered  (and  which  is  not 
inserted  here,  because  it  is  not  comparable  with  the  others),  fur- 
nished five  values  of  a,  likewise  agreeing  with  each  other  within 
the  limits  of  errors  of  observation.  The  same  result  was  given 
by  the  experiments  in  which  the  observations  took  place  at  in- 
tervals of  fifteen  minutes. 


Copj)er 
Exp. 21.  Intensity  =  tan  36°40'. 

Deviations. 
10-90 
10-88 

Mean  .  .  10-89 


■Gold. 

Exp. 22.  Intensity  =  tan 40°45'. 

Deviations. 
13-00 
11;98 

Mean   .  .  13-49 
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Exp.  23.  Intensity  =  tan  25°  45'. 

Deviations. 
5-70 
812 
Mean     .     .     691 

The  calculation  of  these  three  experiments  gives  /3  =  0  and 
«  =  11"5.  The  circumstance  that  /9  is  here  =0,  and  conse- 
quently the  deviations  are  proportional  to  the  intensity  of  the 
current,  proceeds  doubtless  from  the  very  slight  elevation  of  the 
temperature  within  the  cylinders,  this  resulting  from  the  mini- 
mum development  of  heat  in  the  two  wires,  which  are  good  con- 
ductors. The  cooling  of  the  cylinders  becomes  then  proportional 
to  the  excess  of  temperature  of  their  sides,  and  this  excess,  in  its 
turn,  proportional  to  the  excess  of  temperature  of  the  enclosed  air. 

If  we  calculate  the  three  exj)eriments  supposing  the  propor- 
tionality of  the  deviations  to  the  intensity  of  the  current,  we  ob- 
tain the  following  comparison  between  the  observed  and  the 
calculated  numbers : — 


Observed. 

Calculated 

6-91 

6-99 

10-89 

10-80 

12-49 

12-19 

Another  series  of  observations,  made  w^ith  the  unsilvered  cy- 
linders before  mentioned,  gave,  for  the  copper-gold  combination, 
«  =  12-56.  The  scries  effected  with  the  same  cylinders  upon 
the  iron-copper  combination  gave  a  =  115-73.  Both  these  values 
are  inferior  to  those  before  indicated,  viz.  14-5  and  132-73. 
Dividing  these  by  the  preceding,  we  obtain 

14-50     ,  ,_.        ,  132-73     -  ,  _ 
^^g  =  l-154  and  3^.^3  =  1-147, 

quotients  which  may  be  regarded  as  equal.     These  four  series, 
therefore,  confirm  one  another. 

The  following  experiments,  on  the  same  copj)er-gold  combi- 
nation, were  made  with  15-minute  intervals  between  the  obser- 
vations. 


Exp.  24.  Intensity  =  tan  33°. 

Deviations. 
6-33 
7-90 
6-98 
7-58 
6-70 

Mean  .  .  "7-10 


Exp.25.  Intensity  =  tan 43°  15'. 

Deviations. 
9-20 
10-33 
9-38 
9-45 
9-70 

Mean  .  .  9-61 


Force  in  the  Contact  of  Metah.  219 

The  calculation  of  these  t^o  experiments  gives /8^  =  0,  and  that 
of  the  observations  with  intensity  of  current 

=  tan  33^    .     .     .     «,=  10-93 
,,    43=  15'  .     .     «,  =  10-22 

The  point  of  soldering  underwent  a  cooling  when  the  positive 
current  passed  from  gold  to  copper. 

Cadmium-  Copper. 


Exp.26.  Intensity  =  tan39=50'. 

Deviations. 
600 
505 
6-]  5 

Mean   .  .  5' 73 


Exp. 27.  Intensity  =  tan39'50'. 

Deviations. 
4-10 
4-38 
4-15 

Mean  .   .  4-21 


Exp.  28.  Intensity  =  tan  24^ 

Deviations. 
2-48 
1-70 
2-23 
1-60 
2-10 
2-40 
1-95 

Mean     .     .     2-07 

In  experiments  27  and  28  the  interval  between  the  observa- 
tions was  15  minutes.  The  calculation  of  /3^  and  a^  froai  these 
two  experiments  gives  ,8  =  0,  and,  from 


Exp.  27. 

..     28. 


a  =5"05 

a,  =  4-65 


Mean     .     .       4'85 

From  experiment  26^  in  which  /S  should  be  =0,  we  obtain 

a=6-87. 

The  passage  of  the  positive  current  from  copper  to  cadmium 
produced  a  coding  at  the  point  of  contact. 


Copper-Lead. 

Exp.  29.  Intensity  =  tan  36" 

Deviations. 
14-88 
14-45 

Mean  .  .  14-67 


Exp.  30.  Intensity  =  tan  20' 

Deviations. 
7-53 
7-57 
Mean  .  .  7*55 
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Calculating  these  experiments  in  the  usual  way,  -we  obtain 
je  =  0-l 419  and 

a  =  20-93. 

The  two  following  experiments  were  made  with   15-minutc 
intervals  between  the  observations. 


Exp.  32.  Intensity  =  tan  20"^. 

Deviations. 
G-80 
4-78 
5-90 
5-38 


Exp.  31.  Intensity  =  tan  36°. 

Deviations. 
1003 

9-48 
10-80 
10-40 

9-58 

Mean  .  .  1006 

Hence  we  obtain  yS  =  0-8067  and  «/=16-53. 
The  passage  of  the  positive  current  from  lead  to  copper  occa- 
sioned a  cooling. 

Copper-Bismuth. 


Mean 


5-72 


Exp.33.  Intensity  =  tan  8°20'. 

Deviations. 

115-G3 

111-50 

116-78 

Mean  .  .  11464 

Exp.  35.  Intensity  =  tan  5°  15'. 

Deviations 

75*65 

71-78 

62-90 


Exp.  34.  Intensity  =  tan  12°. 

Deviations. 
157-65 
174-95 
179-98 

Mean  .  .  17086 


Mean 


70-11 


Calculating  these  experiments  in  the  usual  way,  we  obtain 
/3=0and«  =  783-l. 

If  we  calculate  with  this  value  of  a  the  deviations  for  the  dif- 
ferent intensities  of  the  current,  and  compare  the  results  with 
the  observed  deviations,  we  obtain  : — 

Observed.  Calculated. 

114-64         114-71 

170-86         166-45 

7011         71-96 

That  /3was  here  =0,  and  consequently  the  deviations  propor- 
tional to  the  intensities  of  the  current,  results  doubtless  i'rom 
the  intensities  being  relatively  small.  Hence  the  heat  developed 
in  the  wires  is  a  minimum,  and  the  excess  of  temperature  in  the 
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cylinclers  insignificant,  which  causes  the  cooling  to  lie  propor- 
tional to  the  excess  of  temperature. 

The  passage  of  the  positive  current  from  bismuth  to  copper 
produced  a  cooling  at  the  point  of  union. 

Copper-Tin. 
The  observations  of  the  two  following  experiments  were  mad  c 
at  intervals  of  15  minutes. 


Exp.  36.  Intensity  =  tan  40°. 

Deviations, 
15-18 
14-78 
12-35 
16-73 
17-25 
16-15 
11-08 

Mean  .  .  1479 


Exp.  37.  Intensity  =  tan  20°. 
Deviations. 
9-60 
5-40 
8-98 
4-18 
3-25 
5-55 
7-35 

Mean  .  .  6- 33 


A  second  series  of  observations  with  the  same  intensity  of  the 
current  as  in  exp.  36,  and  likewise  consisting  of  seven  determi- 
nations, gave  for  the  mean  14-40.  These  two  series  thus  furnish 
the  mean  14-60. 

Calculating  the  results  of  the  above  two  experiments,  we 
obtain  /3^  =  0,  and  from 

Exp.  36 «,  =  17-40 

„     37 «,=  17-39 

Mean     .     .       17-40 

The  cause  of  the  variations  when  the  observations  take  place 
at  15-minute  intervals  has  been  given  above. 

The  passage  of  the  positive  current  from  tin  to  copper  occa- 
sioned a  cooling  at  the  point  of  union. 

Copper -Silver. 

Exp.  38.   Intensity  of  the  current  =  tan  39°  23'. 

Deviations. 
0-81 
0-69 
0-57 
0-81 
086 

Mean     .     .     075 

For  an  intensity  of  current  =  tan  45°  we  obtain  a,=0-9l. 
The  passage  of  the  positive  current  from  silver  to  copper  pro- 
duced a  cooling  at  the  point  of  contact. 
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Zinc- Silver. 
The  observations  were  made  at  intervals  of  15  minutes. 
Exp.  39.  Intensity  of  the  current  =  tan  39°. 

Deviations. 
0-85 
0-93 
1-00 

Mean     .     .     0-93 

For  an  intensity  =  tan 45°  we  obtain  a^=l-15. 

The  passage  of  the  positive  current  from  silver  to  zinc  pro- 
duced a  cooling  at  the  point  of  contact.  Thus,  from  the  last 
two  experiments,  a^  should  be  =  0*24  for  the  combination  of 
zinc  and  copper. 

Palladium-Platinum. 

I  soldered  these  two  metals  together  in  the  supposition  that 
the  electromotive  force  between  them  w'ould  be  less  than  that 
between  palladium  and  any  one  of  the  metals  previously  inves- 
tigated. As,  however,  the  length  of  palladium  wire  at  my  dis- 
posal was  only  enough  for  one  of  the  copper  cylinders,  I  put  into 
the  other  a  platinum  wire  only.  I  considered  that  the  incon- 
veniences resulting  from  slight  variations  in  the  intensity  of  the 
current  could  be  more  easily  avoided  if  the  current  could  traverse 
the  two  cylinders  in  wires  offering  nearly  the  same  resistance, 
than  if  it  only  passed  through  one  of  the  cylinders.  From  what 
precedes,  it  is  evident  that,  when  there  only  exists  a  point  of 
soldering  in  one  of  the  cylinders,  the  deviation  can  only  attain 
to  half  what  it  is  when  in  each  cylinder  there  is  a  point  of  sol- 
dering, of  which  one  becomes  heated  while  the  other  is  cooled. 
The  result  must  therefore  be  multiplied  by  2  to  make  it  compa- 
rable with  the  preceding  ones. 

Exp.  40.  Intensity  of  the  current  =  tan  18°  15'. 

Deviations. 
7-53 
9-35 
Mean     .     .     8-44 

The  intensity  not  being  particularly  great,  the  deviation  may 
be  regarded  as  proportional  to  it,  whence  we  obtain,  for  intensity 

=  tan  45°,  -  =  25  60,  and  consequently  a  =  51  20. 

The  passage  of  the  positive  current  from  palladium  to  platinum 
induced  a  cooling  at  the  j)oiiit  of  soldering. 

If,  with  respect  to  the  metallic  combinations  for  which  a.  and 
a,  liave  been  determined,  we  compare  one  of  these  two  quantities 
with  the  other,  we  find  that,  on  the  average,  a=l-42a^.     We 
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ran  therefore  deduce  the  former  from  the  latter,  and  thus  obtain 
the  value  of  a  for  those  combinations  in  respect  of  which  it  has 
not  been  directly  determined.  In  this  way  we  find,  for  the 
combinations : — 


Iron-copper  .     .     . 

.     l-42«^=  12706 

Cadmium-copper    . 

.    „     =     6-89 

Copper-gold       .     . 

.    ,,     =   15-02 

Copper-lead  . 

.    „     =   23-47 

Copper-platinum    . 

.    „     =  42-84 

Copper-tin    .     .     . 

.    „     =   24-71 

Copper- silver     .     . 

.    „     =      1-29 

Zinc-copper 

.    „     =     0-34 

The  theoretic  proof  of  the  signification  of  Peltier's  phenomena 
demonstrates  the  production  of  a  cooling  at  the  point  of  contact 
when  the  current  circulates  in  the  same  direction  as  the  current 
produced  by  the  electromotive  force  of  that  point.  As  the  cool- 
ing takes  place  at  the  point  of  contact  (between  iron  and  copper, 
for  example)  when  the  current  passes  from  the  copper  to  the  iron, 
this  signifies  that  the  electromotive  force  of  the  point  tends  to 
produce  a  current  from  the  co])per  to  the  iron.  In  contact,  then, 
the  iron  becomes  electropositive,  and  the  copper  electronegative. 
It  is,  moreover,  well  established  by  experiment  that,  when  several 
metals.  A,  B,  C,  &c.,  are  soldered  together  so  as  to  form  a  ring, 
no  current  results  if  all  the  points  of  contact  have  the  same  tem- 
perature. The  electromotive  force  between  A  and  C  must  there- 
fore'be  of  the  same  amount  as  the  sum  of  the  forces  between  A  and 
B  and  B  and  C.  By  the  application  of  these  two  propositionswe 
obtain,  from  the  preceding  determinations,  the  following  electro- 
motive series,  commencing  with  the  most  positive,  and  ending  with 
the  most  negative  of  the  metals  investigated.  The  numbers  give 
the  electromotive  force  of  each  metal  in  contact  with  copper. 


». 

l-42«,. 

Mean. 

Iron      .     .     . 

{ 

132-o0\ 
133-40J 

127-06 

130-99 

Cadmium  .     . 

6-87 

6-89 

6-88 

Zinc      .     .     . 

— 

0-34 

0-34 

Copper-      .     .     . 

0-00 

0-00 

000 

Silver    . 

— 

1-29 

1-29 

Gold     .     .     . 

14-50 

15-02 

14-76 

Lead     .     .     . 

20-93 

23-47 

22-20 

Tin       ... 

— 

24-71 

24-71 

Aluminium    . 

30-77 

— 

30-77 

Platinum  .     . 

47-22 

42-84 

45  03 

Palladium 

9G-23 

— 

96-23 

Bismuth    . 

783-1 

— 

783-10 

[ 

;T( 

)  be  continued.] 
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Researches  on  the  Calculus  of  Variations,  principalli/  on  the  Theory  of 
Discontinuous  Solutions  ;  an  Essay  to  which  the  Adams  Prize  teas 
awarded  in  the  University  of  Cambridge  in  1871.  Jiy  I.  Tod- 
hunter,  M.A.,  F.R.S.,  late  Fellow  and  Principal  Mathematical 
Lecturer  of  St.  John's  College,  Cambridge.  London  and  Cambridge  : 
MacmiUan  and  Co.     18/1.     (Pp.278.) 

THE  terms  in  which  the  subject  of  the  essay  was  originally  pre- 
scribed are  these  : — "A  determination  of  the  circumstances 
under  whicli  discontinuity  of  any  kind  ])resents  itself  in  the  solution 
of  a  problem  of  maximum  or  minimum  in  the  calculus  of  variations, 
and  applications  to  particular  instances.  It  is  expected  that  the 
discussion  of  the  instances  should  be  exemplified  as  far  as  possible 
geometrically,  and  that  attention  be  especially  directed  to  cases  of 
real  or  supposed  failure  of  the  calculus."  As  far  as  we  can  venture 
to  sum  up  the  result  of  Mr,  Todhunter's  researches  in  a  few  words, 
it  is  this : — that  the  discontinuity  arises  from  conditions  imposed, 
either  explicitly  or  implicitly,  which  limit  the  generality  of  the  ques- 
tion. Thus,  suppose  it  is  required  to  determine  the  curve  which, 
taken  between  fixed  limits  (A  and  B),  shall  give  W(</)fAv  a  maxi- 
mum or  minimum.  There  is  no  difHculty  in  showing  that  the  re- 
quired curve  is  a  parabola,  and  for  some  forms  of  </>  it  will  be  a  maxi- 
mum, for  others  a  minimum  ;  and  there  is  no  discontinuity.  But 
now  suppose  that  we  introduce  the  condition  that  the  curve  shall 
pass  through  a  third  point  (D).  If  D  is  in  the  parabola  already,  de- 
termined, there  is  again  no  discontinuity.  But  if  D  is  not  in  this 
parabola,  the  required  curve  will  consist  of  two  parabolic  arcs,  one 
passing  from  A  to  D  and  the  other  from  D  to  B ;  or  it  may  be  one 
passing  from  A  to  B,  and  the  other  from  B  to  D.  This  is  a  case  of 
discontinuity  introduced  by  a  condition  consciously  imposed  ;  it  may, 
of  course,  be  introduced  by  a  condition  unconsciously  imposed. 

The  fundamental  principle,  which  is  extensively  applied  through- 
out tlie  essay,  is  this  ; — "  Let  there  be  an  integral  i  (pd.v  which  is  re- 
quired to  be  a  maximum  or  a  minimum,  where  ^  is  a  known  function 
of  y  and  its  differential  coefficients  with  respect  to  x.  Change  y  into 
y  +  cy  ;  then  in  the  usual  way  we  obtain  for  the  variation  of  the 
integral  to  the  first  order  an  expression  of  the  form 

L+^M^ydx, 

where  L  depends  on  the  values  of  the  variables  and  the  differential 
coefficients  at  the  limits  of  the  integration.  Now  if  dy  may  liave 
either  sign,  wc  must  have  M  =  0  as  an  indisjiensable  condition  for  a 
maximum  or  a  minimum  ;  and  moreover  we  must  have  L=0.  These 
statements  arc  universally  admitted  to  be  true. 

"  Suppose,  however,  tliat  owing  to  some  condition  in  the  problem 
we  cannot   always  give  ^y  either  sign  ;  for  example,  suppose   that 
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throughout  the  whole  range  of  the  integration  hj  is  essentially  posi- 
tive, then  it  is  no  longer  necessary  that  M  should  vanish.  If  M  is 
positive  through  the  w^hole  range  of  the  integration,  we  are  sure  of 
a  minimum ;  and  if  M  is  negative  through  the  whole  range  of  the 
integration,  we  are  sure  of  a  maximum.  We  assume,  of  course, 
that  we  are  able  to  satisfy  the  condition  L=0,  or  to  ensure 
that  L  shall  be  positive  in  the  former  case  and  negative  in  the  latter 
case. 

"  Next  suppose  that  ly  may  have  either  sign  through  part  of  the 
range  of  the  integration,  but  that  it  is  essentially  positive  during 
the  remainder  of  the  range.  Then,  if  M  vanishes  through  the  former 
part  and  is  positive  through  the  latter  part  of  the  range,  we  are  sure 
of  a  minimum  ;  and  if  M  vanishes  through  the  former  part  and  is 
negative  through  the  latter  part  of  the  range,  we  are  sure  of  a  maxi- 
mum."— P.  13. 

After  exemplifying  the  discontinuity  arising  from  conditions 
in  several  simple  cases,  Mr.  Todhunter  goes  on  to  discuss — mainly 
by  the  aid  of  the  above  principle — various  cases  of  the  questions  of 
chief  historical  importance  on  the  subject,  viz.  minimum  surface  of 
revolution,  maximum  solid  of  revolution,  brachistochrone  under  the 
action  of  gravity,  problem  of  least  action,  solid  of  minimum  resist- 
ance, area  between  a  curve  and  its  evolute.  To  each  of  these  ques- 
tions a  chapter  is  devoted.  The  way  in  which  they  are  discussed 
may  be  judged  of  from  the  contents  of  a  single  chapter,  viz.  that  on 
the  brachistochrone  (c.  7).  The  well-known  general  solution  is  first 
mentioned,  viz.  that,  when  the  body  falls  from  a  fixed  point  (A)  to 
another  fixed  point  (B),  the  curve  is  a  cycloid  with  a  cusp  at  A  and 
a  horizontal  base.  The  following  particular  cases  are  then  consi- 
dered in  order  : — (a)  when  the  path  must  pass  through  a  third  point 
C  either  fixed  or  on  a  given  curve ;  (6)  when  an  obstacle  with  an 
aperture  of  given  size  is  interposed  between  A  and  B  ;  (o)  when  C 
is  on  a  given  surface  ;  (d)  when  the  condition  is  that  the  moving 
point  must  not  descend  below  a  horizontal  line  through  B  ;  (e)  when 
it  must  not  pass  outside  a  circular  arc  of  which  B  is  the  lowest 
point,  and  A  B  does  not  exceed  a  quadrant ;  (/)  when  it  must  not 
pass  inside  the  circular  arc  ;  (g)  when  the  condition  is  that  the  radius 
of  curvature  shall  never  be  less  than  a  given  constant,  and  that  there 
is  no  abrupt  change  of  direction.  With  regard  to  the  discussion  of 
the  cases  which  we  have  marked  (rf),  (e),  (/),  {g),  Mr.  Todhunter 
says  (p.  146)  that  they  completely  illustrate  the  general  principles 
laid  down.  In  each  case  the  discontinuity  arises  from  a  condition 
or  conditions  imposed.  This  is,  in  fact,  the  theme  which  he  has 
illustrated  in  the  present  essay  with  the  utmost  fulness  and  in  a  man- 
ner worthy  of  his  high  reputation  as  a  mathematician.  To  students 
of  the  Calculus  of  Variations  (we  fear  they  are  but  few)  the  work 
cannot  fail  to  prove  highly  instructive,  as  it  comprises  a  thorouo-h 
investigation  of  a  class  of  cases  which,  when  they  occur,  have  been 
commonly  passed  over  with  the  remark  that  "  the  process  of  the  Cal- 
culus of  Variations  fails  in  this  case."    It  was,  in  fact,  in  reference  to 
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a  failure  of  this  kind  that  Mr.  Todhunter  first  enunciated,  and  in  our 
pages*,  the  cardinal  principle  above  quoted. 

Technical  Arithmetic  and  Mensuration.     By   C.  W.   Merrifield, 
F.R.S.     London :   Longmans  and  Co.      1872.     (Pp.308.) 

This  book  is  intended  for  the  use  of  persons  who  have  already 
learned  arithmetic,  but  who  wish  to  renew  and  extend  their 
acquaintance  with  the  subject.  It  consists  of  a  treatise  on  Arith- 
metic of  183  page?,  a  treatise  on  Mensuration  of  64  pages,  and  an 
Appendix  of  GO  pages,  comprising  Examination  Papers,  somewhat 
elaborate  Tables  of  Money,  Lengths,  Areas,  &c.,  and  Answers  to 
Questions.  The  treatise  on  Arithmetic  gives  clearly  and  concisely 
an  account  of  the  fundamental  operations  of  Arithmetic ;  it  notices 
with  sufficient,  but  not  more  than  sufficient,  fulness  the  points 
which  have  to  be  dwelt  on  in  oral  instruction ;  and  it  illustrates 
the  rules  by  a  very  considerable  number  of  examples,  most  of  which 
Mr.  Merrifield  says  he  has  himself  made.  Very  many  of  these  ex- 
amples are  mere  illustrations  of  rules,  such  as  must  of  necessity 
occur  in  every  book  of  Arithmetic  ;  e.g.,  "  If  3y  of  a  share  cost  £5, 
what  will  5|  cost  ?  "  Many,  however,  occur  here  and  there  which 
illustrate  elementary  scientific  principles  ;  e.  g.,  "  Express  miles  per 
hour  in  metres  per  second,  having  given  a  metre  =3937  inches." 
The  chief  novelty,  however,  is  the  last  chapter,  which  treats  of  "  the 
applications  of  Arithmetic  to  Machines,  Work,  and  Motion."  This 
is  a  very  useful  chapter ;  it  contains  sufficient  explanations  to  render 
intelligible  the  examples  with  which  it  concludes.  The  number  of 
these  examples  might  easily  have  been  increased  with  great  advan- 
tage. The  objection  to  introducing,  except  with  very  great  judg- 
ment, examples  on  points  of  science  into  a  book  of  Arithmetic,  is 
that  they  presuppose  knowledge  which  the  student  probably  does 
not  possess.  This  objection  does  not,  of  course,  apply  in  the  above 
case  ;  we  are  inclined  to  think  it  does  apply  to  such  examples  as 
(19),  p.  53  ;  (16),  (17),  (25).  (26),  p.  76— not  to  say  that  (25)  is 
inexactly  stated,  and  (26)  clearly  in  the  wrong  place. 

On  pp.  66,  67  there  is  a  statement  with  regard  to  proportion 
which  is  worth  notice.  In  the  text  occur  these  words  : — "  Propor- 
tion may  include  the  comparison  of  ratios  which  are  not  definite,  and 
which  are  incajjable  of  being  expressed  as  fractions."  And  to  this 
statement  the  following  note  is  added  : — "  I  do  not  think  it  neces- 
sary to  restrict  the  idea  of  proportion  to  numerical  ratio.  In  fact, 
it  appears  to  me  to  be  a  consequence  of 

3  shillings  :  5  shillings  :  :  6  yards  :  10  yards, 
that 

3  shillings  :  6  yards  :  :  5  shillings  :  10  yards ; 

*  Phil.  Mag.  June  1866,  vol.  xxxi.  p.  425.  The  question  to  which  Mr. 
Todhunter  applied  the  principle  was  this  : — To  determine  a  solid  of  revolu- 
tion of  piven  surface  so  tliat  it  may  cut  the  axis  of  revolution  at  given 
points  and  have  aniaximiun  vohune.  A  cha])ter  of  thi;  essay  is  devoted  to 
examining  this  question  and  some  cases  arising  out  of  it. 
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and  that  while  I  do  not  know  what  exactly  is  the  meaning  of  the 
ratio 

3  shillings  :  6  yards, 
I  am  enabled  to  assert  that  there  is  a  connexion  between  5  shillings 
and  6  yards  in  the  nature  of  a  ratio,  and  subject  to  the  rules  of  pro- 
portion, which  is  the  same  as  the  connexion  between  5  shillings  and 
10  yards,  whatever  that  may  be.  To  deny  this  appears  to  me  to 
imply  an  objection  to  concrete  arithmetic  generally.  I  do  not  assert 
that  the  ratio  is  definite."  It  is  much  to  be  regretted  that  Mr. 
Merrifield  did  not  omit  this  altogether,  or  else  that  he  did  not  ex- 
plain his  views  more  fully.  Had  he  taken  the  latter  course,  we  are 
sure  that  his  explanation  would  have  been  clear  of  objection.  But 
as  the  note  stands,  it  is  very  liable  to  mislead.  We  need  hardly  say 
that  such  a  proportion  as 

3  shillings  :  6  yards  :  :  5  shillings  :  10  yards 
is  commonly  held  to  be  merely  an  improper  mode  of  stating  that  the 
ratio  of  3  shillings  to  5  shillings  is  equal  to  the  ratio  of  6  yards  to 
10  yards ;  and  it  is  by  no  means  obvious  that  the  common  view  does 
not  go  to  the  bottom  of  the  matter.  At  all  events,  Mr.  Merri- 
field could  hardly  complain  if  from  his  premises  we  were  to  draw  the 
conclusion  that 

3  shillings -f  6  yards  :  6  yards  :  :  5  shillings  + 10  yards  :  10  yards. 
But  what  meaning  can  be  attached  to  this  proportion,  beyond  a  rela- 
tion between  the  bare  numbers,  it  is  hard  to  see.     Of  course  if  it 
is  merely  a  question  of  numbers,  there  is  no  difficulty  ;  but  this,  to 
all  appearance,  is  not  Mr.  Merrifield's  meaning. 

Our  notice  of  the  remaining  part  of  the  work  must  be  brief.  The 
treatise  on  Mensuration  comprises  all  the  most  useful  rules  for  find- 
ing areas  and  volumes  ;  and  though  there  is  no  attempt  to  give 
formal  proofs  of  the  rules,  their  dependence  on  known  geometrical 
theorems  is  shown  with  great  clearness,  and  their  use  illustrated  by 
a  sufficiency  of  examples.  Mr.  Merrifield's  powers  of  exposition 
are  perhaps  seen  to  most  advantage  in  this  part  of  the  volume.  The 
book  as  a  whole,  however,  is  exceedingly  well  done  ;  in  fact,  we 
are  inclined  to  think  that,  of  all  the  works  hitherto  published  in 
Messrs.  Longman's  series,  this  comes  most  nearly  up  to  the  notion 
of  a  text-book  adapted  "  for  the  self-instruction  of  working  men." 
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Nov.  16,  1871.— General  Sir  Edward  Sabine,  K.C.B.,  President,  in 

the  Chair. 
'T'HE  following  communication  was  read  : — 

■'-  "  Considerations  on  the  Abrupt  Change  at  Boiling  or  Conden- 
sing in  reference  to  the  Continuity  of  the  Fluid  State  of  Matter."  By 
Professor  James  Thomson,  LL.I). 

When  we  find  a  substance  capable  of  existing  in  two  fluid  states 
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different  in  density  and  other  properties  while  the  temperature  and 
pressure  are  the  same  in  both,  and  when  we  find  also  that  an  intro- 
duction or  abstraction  of  heat  without  change  of  temperature  or  of 
pressure  will  efl'ect  the  change  from  the  one  state  to  the  other,  and 
also  find  that  the  change  either  way  is  perfectly  reversible,  we 
speak  of  the  one  state  as  being  an  ordinary  gaseous,  and  the  other 
as  being  an  ordinary  liquid  state  of  the  same  matter;  and  the  ordi- 
nary transition  from  the  one  to  the  other  we  should  designate  by  the 
terms  boiling  or  condensing,  or  occasionally  by  other  terms  nearly 
equivalent,  such  as  evaporation,  gasification,  liquefaction  from  the 
gaseous  state,  &c.  Cases  of  gasification  from  liquids  or  of  con- 
densation from  gases,  when  any  chemical  alteration  accompanies 
the  abrupt  change  of  density,  are  not  among  the  subjects  proposed 
to  be  brought  under  consideration  in  the  present  paper.  In  such 
cases  I  presume  there  would  be  no  perfect  reversibility  in  the  pro- 
cess ;  and  if  so,  this  would  of  itself  be  a  criterion  sufiicing  to  sepa- 
rate them  from  the  proper  cases  of  boiling  or  condensing  at  present 
intended  to  be  considered.  If,  now,  the  fluid  substance  in  the  rarer 
of  the  two  states  (that  is,  in  what  is  commonly  called  the  gaseous 
state)  be  still  further  rarefied,  by  increase  of  temperature  or  dimi- 
nution of  pressure,  or  be  changed  considerably  in  other  ways  by 
alterations  of  temperature  and  pressure  jointly,  without  its  receiving 
anv  abrupt  collapse  in  volume,  it  will  still,  in  ordinary  language  and 
ordinary  mode  of  thought,  be  regarded  as  being  in  a  gaseous  state. 
Reniarks  of  quite  a  corresponding  kind  may  be  made  in  describing 
various  conditions  of  the  fluid  (as  to  temperature,  pressure,  and 
volume)  which  would  in  ordinary  language  be  regarded  as  belonging 
to  the  liquid  state. 

Dr.  Andrews  (Phil.  Trans.  18(59,  p.  575)  has  shown  that  the 
ordinary  gaseous  and  ordinary  liquid  states  are  only  widely  separated 
forms  of  the  same  condition  of  matter,  and  may  be  made  to  pass  into 
one  another  by  a  course  of  continuous  physical  changes  presenting 
nowhere  any  interru})tion  or  breach  of  continuity.  If  we  denote 
geometrically  all  possible  points  of  pressure  and  temperature  jointly, 
by  points  spread  continuously  in  a  plane  surface,  each  point  in  the 
plane  being  referred  to  two  axes  of  rectangular  coordinates,  so  that 
one  of  its  ordinates  shall  rej)resent  the  temperature  and  the  other 
the  j)ressure  denoted  by  that  point,  and  if  we  mark  all  the  successive 
boiling-  or  condensing-j)oints  of  temperature  and  pressure  as  a  con- 
tinuous line  on  this  i)lane,  this  line,  which  may  be  called  the  hoiliiig- 
Jine,  will  be  a  separating  boundary  between  the  regions  of  the  plane 
corresponding  to  the  ordinary  liquid  state  and  those  corresponding 
to  the  ordinary  gaseous  state.  But,  by  consideration  of  Dr.  Andrews's 
exj)erimental  results,  we  may  see  that  this  separating  boundary  comes 
to  an  end  at  a  point  of  pressure  and  tenq)erature  which,  in  conformity 
with  his  language,  may  be  called  the  critical  point  of  ])ressure  and 
temperature  jointly ;  and  we  may  see  that,  from  any  ordinary  liquid 
state  to  any  ordinary  gaseous  state,  the  transition  may  be  effected 
gradually  l)y  an  infinite  variety  of  courses  passing  round  outside  the 
extreme  end  of  the  boiling-line. 
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Now  it  will  be  my  chief  object  in  the  present  paper  to  state  and 
support  a  view  which  has  occurred  to  me,  according  to  which  it  ap- 
pears probable  that,  although  there  be  a  practical  breach  of  continuity 
in  crossing  the  line  of  boiling-points  from  liquid  to  gas  or  from  gas 
to  liquid,  there  may  exist,  ip  the  nature  of  things,  a  theoretical  con- 
tinuity across  this  breach  having  some  real  and  true  significance. 
This  theoretical  continuity,  from  the  ordinary  liquid  state  to  the 
ordinary  gaseous  state,  must  be  supposed  to  be  such  as  to  have  its 
various  courses  passing  through  conditions  of  j)ressure,  temperature, 
and  volume  in  unstable  equilibrium  for  any  fluid  matter  theoretically 
conceived  as  homogeneously  distributed  vehile  passing  through  the 
intermediate  conditions.  Such  courses  of  transition,  passing  through 
unstable  conditions,  must  be  regarded  as  being  impossible  to  be  brought 
about  throughout  entire  masses  of  fluids  dealt  with  in  any  ])hysical 
operations.  Whether  in  an  extremely  thin  lamina  of  gradual  trans- 
ition from  a  liquid  to  its  own  gas,  in  which  it  is  to  be  noticed  the 
substance  would  not  be  homogeneously  distributed,  conditions  may 
exist  in  a  stable  state  having  some  kind  of  correspondence  with  the 
ixnstable  conditions  here  theoretically  conceived,  will  be  a  question 
suggested  at  the  close  of  this  paper  in  connexion  with  some  allied 
considerations. 

It  is  first  to  be  observed  that  the  ordinary  liquid  state  does  not 
necessarily  cease  abruptly  at  the  line  of  boiling-points,  as  it  is  well 
known  that  liquids  may,  with  due  precautions,  be  heattd  consi- 
derably beyond  the  boiling  temperature  for  the  pressure  to  which 
they  are  exposed.  This  condition  is  commonly  manifested  in  the 
boiling  of  water  in  a  glass  vessel  by  a  lamp  placed  below,  when  the 
temperature  of  the  internal  parts  of  the  water,  or,  in  other  words, 
of  the  parts  not  exposed  to  contact  with  gaseous  matter,  rises  consi- 
derably above  the  boiling-point  for  the  pressure,  and  the  water  boils 
with  bumping*.  At  this  stage  it  becomes  desirable  to  refer  to  Dr. 
Andrews's  diagram  of  curves  showing  his  principal  results  for  carbonic 
acid,  and  to  consider  carefully  some  of  the  remarkable  features  pre- 
sented by  those  curves.  In  doing  so,  we  have  first,  in  the  case  of  the 
two  curves  for  13°'l  and  2I°'.T,  which  pass  through  the  boiling  in- 
terruption of  continuity,  to  guard  against  being  led,  by  the  gradu- 
ally bending  transition  from  the  curve  representing  obviously  the 
liquid  state  into  the  line  seen  rapidly  ascending  towards  the  curve 
representing  obviously  the  gaseous  state,  to  suppose  that  this  curved 
transition  is  in  any  way  indicative  of  a  gradual  transition  from  the 
hquid  towards  the  gaseous  state.  Dr.  Andrews  has  clearly  pointed 
out,  in  describing  those  experimental  curves,  that  the  slight  bend 

*  It  has  even  been  found  by  Dufour  (Eibliotbeque  Universelle,  Archives,  year 
18G1,  vol.  xii.,  "Recherches  siir  rebuIHtion  dcs  Liquidcs)  that  globules  of  water 
floating  immersed  in  oil,  so  as  neither  to  be  in  contiict  with  any  solid  nor  with 
any  gaseous  body,  may,  under  atmospheric  pressure,  bo  raised  to  various  tem- 
peratures far  above  the  ordinary  boiling-point,  and  occasionally  to  so  high  a  tem- 
perature as  178°  C,  without  boiling. 

On  this  subject  reference  may  also  be  made  to  the  important  researches  of 
Donny,  "Sur  la  cohesion  dcs  Liquidcs  et  sur  leur  adherence  aux  Corps 
sohdcs,"  Ann.  de  Chimie,  year  1840,  3rd  scr.  vol.  xvi.  p,  1G7. — July  28,  1871. 
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at  about  the  commencement  of  the  rapid  ascent  from  the  liquid 
state  is  to  be  ascribed  to  a  trace  of  air  unavoidably  present  in  the 
carbonic  acid — and  that  if  the  carbonic  acid  had  been  absohitely  pure, 
the  ascent  from  the  hquid  to  the  gaseous  state  would  doubtless  have 
been  quite  abrupt,  and  would  have  shown  itself  in  his  diagram  by  a 
vertical  straight  line,  when  we  regard  the  coordinate  axes  for  pres- 
sures and  volumes  as  being  horizontal  and  vertical  respectively. 
Now  in  the  diagram  here  submitted  the  continuous  curves  (that  is  to 
say,  those  which  are  not  dotted)  are  obtained  from  Dr.  Andrews's 
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diagram,  with  the  slight  aUeratiun  of  substituting,  in  accurdiince 
with  the  explanations  just  given,  an  abruj)t  meeting  instead  of  the 
curved  transition  between  the  curve  for  the  licjuid  state  and  the 
upright  line  which  shows  the  boiling  stage.  Looking  to  either  of 
the  given  curves  which  pass  through  boiling,  and,  for  instance, 
selecting  the  curve  for  13°-1,  we  perceive,  from  what  has  been  said 
as  to  the  conditions  to  which  boiling  by  bumping  is  due,  that  for 
the  temperature  pertaining  to  this  curve  the  liquid  state  does  not 
necessarily  end  at  the  boiling  pressure  for  this  temi)erature,  and 
that  thus  in  the  diagram  the  curve  showing  volumes  for  the  licjuid 
state  must  not  cease  at  the  foot  of  the  uj)right  line  which  marks 
the    boiling  stage  of  pressure,    but  must  extend   continuously,  for 
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some  distance  at  least,  into  lower  pressures  in  some  such  way  as  is 
shown  by  the  dotted  continuation  from  a  to  b.  But  now  the  ques- 
tion arises,  Does  this  curve  necessarily  end  at  any  particular 
point  h  1  We  know  that  the  extent  of  this  curve  in  the  direction 
from  a  towards  or  past  b,  along  which  the  liquid  volume  will  con- 
tinue to  be  represented  before  the  explosive  or  bumping  change  to 
gas  occurs,  is  very  variable  under  different  circumstances,  being  much 
affected  by  the  presence  of  other  fluids,  even  in  small  quantities,  as 
impurities  in  the  fluid  experimented  on,  and  by  the  nature  of  the 
surface  of  the  containing  vessel,  &c. 

The  consideration  of  the  subject  may  be  facilitated,  and  aid  towards 
the  attainment  of  clear  views  of  the  mutual  relations  of  temperature, 
pressure,  and  volume  in  a  given  mass  of  a  fluid  may  be  gained,  by 
actually  making,  or  by  conceiving  to  be  made,  for  carbonic  acid, 
from  the  data  supplied  in  Dr.  Andrews's  experimental  results,  a  solid 
model  consisting  of  a  curved  surface  referred  to  three  axes  of  rect- 
angular coordinates,  and  formed  so  that  the  three  coordinates  of 
each  point  in  the  curved  surface  shall  represent,  for  any  given  mass 
of  carbonic  acid,  a  temperature,  a  pressure,  and  a  volume  which  can 
coexist  in  that  mass.  It  is  to  be  noticed  here  that  in  his  diagram  of 
curves  the  results  for  each  of  the  several  temperatures  experimented 
on  are  combined  in  the  form  of  a  plane  curved  line  referred  to  two 
axes  of  rectangular  coordinates — one  of  each  pair  of  ordinates  repre- 
senting a  pressure,  and  the  other  representing  the  volume  corre- 
sponding to  that  pressure  at  the  temperature  to  which  the  curve 
belongs.  Now  to  form  a  model  such  as  I  am  here  recommending, 
and  have  myself  made.  Dr.  Andrews's  curved  lines  are  to  be  placed 
with  their  planes  parallel  to  one  another,  and  separated  by  intervals 
proportional  to  the  differences  of  the  temperatures  to  which  the  curves 
severally  belong,  and  with  the  origins  of  coordinates  of  the  curves 
situated  in  a  straight  line  perpendicular  to  their  planes,  and  with 
the  axes  of  coordinates  of  all  of  them  parallel  in  pairs  to  one  another, 
and  then  the  curved  surface  is  to  be  formed  so  as  to  pass  through 
those  curved  lines  smoothly  or  evenly*.  The  curved  surface  so  ob- 
tained exhibits  in  a  very  obvious  way  the  remarkable  phenomena  of 
the  volurainal  conditions  at  and  near  the  critical  point  of  temperature 
and  pressure,  in  comparison  with  the  voluminal  conditions  throughout 
other  parts  of  the  range  of  gradually  varying  temperatures  and  pres- 
sures to  which  it  extends,  and  even  throughout  a  far  wider  range 
into  which  it  can  in  imagination  be  conceived  to  be  extended.  It 
helps  to  afford  a  clear  view  of  the  nature  and  meaning  of  the  conti- 
nuity of  the  liquid  and  gaseous  states  of  matter.  It  does  so  by  its 
own  obvious  continuity  throughout  its  expanse  round  the  end  of  the 
range  of  points  of  pressure  and  temperature  where  an  abrupt  change 
of  volume  can  occur  by  boiling  or  condensing.    On  the  curved  surface 

*  For  the  practical  execution  of  this,  it  is  well  to  commence  with  a  rectangular 
block  of  wood,  and  then  carefully  to  pare  it  down,  applying,  from  time  to  time, 
the  various  curves  as  templets  to  it,  and  proceeding  according  to  the  general 
methods  followed  in  a  shipbuilder's  modelling-room  in  cutting  out  small 
models  of  ships  according  to  curves  laid  down  on  paper  as  cross  sections  of 
the  required  model  at  various  places  in  its  length. 
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in  the  model  Dr.  Andrews's  curves  for  the  temperatures  13°-1,  21°-5, 
31°-1,  3'2°-:),  35°-5,  and  48°' 1  Centigrade,  which  afford  the  data  for 
its  construction,  may  with  advantage  be  all  shown  drawn  in  their 
proper  places.  The  model  admits  of  easily  exhibiting  in  due  re- 
lation to  one  another  a  second  set  of  curves,  in  which  each  would 
be  for  a  constant  pressure,  and  in  each  of  which  the  coordinates 
would  represent  temperatures  and  corresponding  volumes.  It  may 
be  used  in  various  ways  for  affording  quantitative  relations  inter- 
polated among  those  more  immediately  given  by  the  experiments. 

We  may  now,  aided  by  the  conception  of  this  model,  return  to  the 
consideration  of  continuity  or  discontinuity  in  the  curves  in  crossing 
the  boiling  stage.  Let  us  suppose  an  indefinite  number  of  curves, 
each  for  one  constant  temperature,  to  be  drawn  on  the  model,  the 
several  temperatures  differing  in  succession  by  very  small  intervals, 
and  the  curves  consequently  being  sections  of  the  curved  surface 
by  numerous  planes  closely  spaced  parallel  to  one  another  and  to 
the  plane  containing  the  pair  of  coordinate  axes  for  pressure  and 
volume.  Now  we  can  see  that,  as  we  pass  from  curve  to  curve  in  ap- 
proaching towards  the  critical  point  from  the  higher  temperatures, 
the  tangent  to  the  curve  at  the  steepest  point  or  point  of  inflection 
is  rotating,  so  that  its  inclination  to  the  plane  of  the  coordinate  axes 
for  pressure  and  temperature,  which  we  may  regard  as  horizontal,  in- 
creases till,  at  the  critical  point,  it  becomes  a  right  angle.  Then  it 
appears  very  natural  to  suppose  that,  in  proceeding  onwards  past 
the  critical  point  to  curves  successively  for  lower  and  lower  tem- 
peratures, the  tangent  at  the  point  of  inflection  would  continue  its 
rotation,  and  the  angle  of  its  inclination,  which  before  was  acute, 
would  now  become  obtuse.  It  seems  much  more  natural  to  make 
such  a  supposition  as  this  than  to  suppose  that  in  passing  the  cri- 
tical point  from  higher  into  lower  temperatures  the  curved  line,  or 
the  curved  surface  to  which  it  belongs,  should  break  itself  asunder, 
and  should  come  to  have  a  part  of  its  conceivable  continuous  course 
absolutely  deficient.  It  thus  seems  natural  to  suppose  that  in 
some  sense  there  is  continuity  in  each  of  the  successive  curves 
by  courses  such  as  those  drawn  in  the  accompanying  diagram  as 
dotted  curves  uniting  continuously  the  curves  for  the  ordinary  gaseous 
state  with  those  for  the  ordinary  liquid  state. 

The  physical  conditions  corresponding  to  the  extension  of  the 
curve  from  a  to  some  point  b  we  have  seen  are  perfectly  attainable 
in  practice.  Some  extension  of  the  gaseous  curve  into  points  of  tem- 
perature and  pressure  below  what  I  have  called  the  boiling-  or  con- 
densing-line  (as,  for  instance,  some  extension  such  as  from  c  to  d  in 
the  figure)  I  think  we  need  not  despair  of  practically  realizing  in 
physical  operations.  As  a  likely  mode  in  which  to  bring  steam 
continuing  gaseous  to  points  of  pressure  and  temperature  at  which 
it  would  collapse  to  liquid  water  if  it  had  any  particle  of  hquid  water 
present  along  with  it,  or  if  other  circumstances  were  present  ca- 
pable of  affording  some  apparently  requisite  conditions  for  enabling 
it  to  make  a  beyinniny  of  the  chunye  of  state*,  I  would  suggest  the 
*  Tlic  principle  tlmt  "  the  particles  of  a  substance  when  existing  all  in  one  state 
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admitting  speedily  of  dry  steam  nearly  at  its  condensing  temperature 
for  its  pressure  (or,  to  use  a  common  expression,  nearly  saturated) 
into  a  vessel  with  a  piston  or  plunger,  all  kept  hotter  than  the  steam, 
and  then  allowing  the  steam  to  expand  till  hy  its  expansion  it  would 
be  cooled  below  its  condensing-point  for  its  pressure  ;  and  yet  I  should 
suppose  that  if  this  were  done  with  very  careful  precautions  the  steam 
might  not  condense,  on  account  of  the  cooled  steam  being  surrounded 
entirely  with  a  thin  film  of  superheated  steam  close  to  the  super- 
heated containing  vessel.  The  fact  of  its  not  condensing  might 
perhaps  best  be  ascertained  by  observations  on  its  volume  and  pres- 
sure. Such  an  experiment  as  that  sketched  out  here  would  not  be 
easily  made ;  and  unless  it  were  conducted  with  very  great  precau- 
tions, there  could  be  no  reasonable  expectation  of  success  in  its  at- 
tempt ;  and  perhaps  it  might  not  be  possible  so  completely  to  avoid 
the  presence  of  dust  or  other  dense  particles  in  the  steam  as  to  make 
it  prove  successful.  I  mention  it,  however,  as  appearing  to  be  founded 
on  correct  principles,  and  as  tending  to  suggest  desirable  courses  for 
experimental  researches.  The  overhanging  part  of  the  curve  from  e 
toy  seems  to  represent  a  state  in  which  there  would  be  some  kind 
of  unstable  equilibrium ;  and  so,  although  the  curve  there  appears 
to  have  some  important  theoretical  significance,  yet  the  states  repre- 
sented by  its  various  points  would  be  unattainable  throughout  any 
ordinary  mass  of  the  fluid.  It  seems  to  represent  conditions  of  co- 
existent temperature,  pressure,  and  volume  in  which,  if  all  parts 
of  a  mass  of  fluid  were  placed,  it  would  be  in  equilibrirm,  but  out 
of  which  it  would  be  led  to  rush,  partly  into  the  rarer  state  of  gas,  and 
partly  into  the  denser  state  of  liquid,  by  the  slightest  inequality  of 
temperature  or  of  density  in  any  part  relatively  to  other  parts.  I 
might  proceed  to  state,  in  support  of  these  views,  several  considera- 
tions founded  on  the  ordinary  statical  theory  of  capillary  or  super- 
ficial phenomena  of  liquids,  which  is  dependent  on  the  supposition 
of  an  attraction  acting  very  intensely  for  very  small  distances,  and 
causing  intense  pressure  in  liquids  over  and  above  the  pressure  ap- 
plied by  the  containing  vessel  and  measurable  by  any  pressure- 
gauge.  That  statical  theory  has  fitted  remarkably  well  to  many 
observed  phenomena,  and  has  sometimes  even  led  to  the  forecasting 
of  new  results  in  advance  of  experiment.  Hence,  although  dyna- 
mic or  kinetic  theories  of  the  constitution  and  pressure  of  fluids 
now  seem  likely  to  supersede  any  statical  theory,  yet  phenomena 
may  still  be  discussed  according  to  the  principles  of  the  statical  theory  ; 
and  there  may  be  considerable  likelihood  that  conditions  explained 

only,  and  in  continuous  contact  -with  one  another,  or  in  contact  only  under  spe- 
cial circumstances  with  other  substances,  experience  a  difficulty  of  making  a 
beginning  of  their  change  of  state,  whether  from  liquid  to  solid,  or  from  liquid 
to  gaseous,  or  probably  also  from  solid  to  liquid,'"  was  proposed  by  me,  and,  so 
far  as  I  am  aware,  was  lii-st  announced  in  a  paper  by  me  in  the  Proceedings  of  the 
Eoyal  Society  for  November  24, 1859  (vol.  x.  p.  158),  and  in  a  paper  submitted 
to  the  British  Association  in  the  same  year. 

In  the  present  paper,  at  the  place  to  which  this  note  is  annexed,  I  adduce 
the  like  further  supposition  that  a  difficulty  of  making  a  beginning  of  change 
of  state  from  gaseous  to  liquid  may  also  probably  exist. 
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or  iciidcicd  probable  under  the  statical  theory  would  have  some  cor- 
responding explanation  or  confirmation  under  any  true  theory  by 
which  the  statical  might  come  to  be  superseded.  With  a  view 
to  brevity,  however,  and  to  the  avoidance  ot"])Utting  forward  specu- 
lations perhaps  partly  rash,  though,  I  think,  not  devoid  of  real  sig- 
nificance, I  shall  not  at  present  enter  on  details  of  these  considera- 
tions, but  shall  leave  them  with  merely  the  slight  suggestion  now 
oflfered,  and  with  the  suggestion  mentioned  in  an  earlier  part  of 
the  present  paper,  of  the  question  whether  in  an  extremely  thin 
lamina  of  gradual  transition  from  a  liquid  to  its  own  gas,  at  their 
visible  face  of  demarcation,  conditions  may  not  exist  in  a  stable  state 
having  a  correspondence  with  the  unstable  conditions  here  theo- 
retically conceived. 
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Nov.  8,  1871. — Joseph  Prestwich,  Esq.,  F.R.S.,  President, 

in  the  Chair. 

The  following  communications  were  read  : — 

1.  A  letter  from  the  Embassy  at  Copenhagen,  transmitted  by 
Earl  Granville,  mentioning  that  a  Swedish  scientific  expedition,  just 
returned  from  the  coast  of  Greenland,  had  brought  home  a  number 
of  masses  of  meteoric  iron  found  there  upon  the  surface  of  the 
ground.  These  masses  varied  greatly  in  size ;  the  largest  was  said 
to  weigh  25  tons. 

Mr.  David  Foebes  having  recently  returned  from  Stockholm, 
where  he  had  the  opportunit)"  of  examining  those  remarkable  masses 
of  native  iron,  took  the  opportunity  of  stating  that  the)'  had  been 
first  discovered  last  year  by  the  Swedish  arctic  expedition,  which 
brought  back  several  blocks  of  considerable  size,  which  had  been, 
found  on  the  coast  of  Greenland.  The  expedition  of  this  year,  how- 
ever, has  just  succeeded  in  bringing  back  more  than  twenty  addi- 
tional specimens,  amongst  which  two  were  of  enormous  size.  The 
largest,  weighing  more  than  49,000  Swedish  pounds,  or  about  21 
tons  English,  with  a  maximum  sectional  area  of  about  42  square 
feet,  is  now  placed  in  the  hall  of  the  Koyal  Academy  of  Stockholm ; 
whilst,  as  a  compUment  to  Denmark,  on  whose  territory  they  were 
found,  the  second  largest,  weighing  20,000  lbs.,  or  about  9  tons, 
has  been  presented  to  the  museum  of  Copenhagen. 

Several  of  these  specimens  have  been  submitted  to  chemical  ana- 
lysis, which  proved  them  to  contain  nearly  5  per  cent  of  nickel,  with 
from  1  to  2  percent  of  carbon,  and  to  be  quite  identical,  in  chemical 
composition,  with  many  aerolites  of  known  meteoric  origin.  AVhen 
polished  and  etched  bj-  acids,  the  surface  of  these  masses  of  metallic 
iron  shows  the  peculiar  figures  or  markings  usally  considered 
characteristic  of  native  iron  of  meteoric  origin. 

The  masses  themselves  were  discovered  lying  loose  on  the  shore, 
but  immediately  resting  upon  basaltic  rocks  (probably  of  Miocene 
age),  in  which  they  appeared  to  have  originally  been  imbedded  ;  and 
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not  only  have  fragments  of  similar  iron  been  met  with  in  the  basalt, 
but  the  basalt  itself,  upon  being  examined,  is  found  to  contain 
minute  particles  of  metallic  iron,  identical  in  chemical  composition 
with  that  of  the  large  masses  themselves,  whilst  some  of  the  masses 
of  native  iron  are  observed  to  enclose  fragments  of  the  basalt. 

As  the  chemical  composition  and  mineralogical  character  of  these 
masses  of  native  iron  are  quite  diiferent  from  those  of  any  iron  of 
terrestrial  origin,  and  altogether  identical  with  those  of  undoubted 
meteoric  iron,  Professor  Nordenskjold  regards  them  as  aerolites, 
and  accounts  for  their  occurrence  in  the  basalt  by  supposing  that 
they  proceeded  from  a  shower  of  meteorites  which  had  fallen  do-s\Ti 
and  buried  themselves  in  the  molten  basalt  during  an  eruption  in 
the  Miocene  period. 

Notwithstanding  that  these  masses  of  metallic  iron  were  found 
lying  on  the  shore  between  the  ebb  and  flow  of  tide,  it  has  been 
found,  upon  their  removal  to  Stockholm,  that  they  perish  A\T.th  ex- 
traordinary rapidity,  breaking  up  rapidly  and  falling  to  a  fine  powder. 
Attempts  to  preserve  them  by  covering  them  with  a  coating  of 
varnish  have  as  yet  proved  unsuccessful ;  and  it  is  actually  proposed  to 
preserve  them  from  destruction  bj^  keeping  them  in  a  tank  of  alcohol. 

2.  "  On  the  Geology  of  the  Diamond-fields  of  South  Africa."  By  Dr. 
John  Shaw,  of  Colesberg.  Communicated  by  Dr.  Hooker,  F.R.S.,r.G.S. 

The  author  described  the  general  structure  of  the  region  in  which 
diamonds  have  been  found.  He  considered  that  the  diamonds  origi- 
nally belonged  to  some  metamorphic  rock,  probably  a  talcose  slate, 
which  occupied  the  heights  during  a  late  period  of  the  "  trappean 
upheaval"  to  which  he  ascribed  the  origin  of  the  chief  physical 
features  of  the  country.  This  upheaval  was  followed  by  a  period  of 
lakes,  the  traces  of  which  still  exist  in  the  so-called  "  pans"  of  the 
region ;  the  Vaal  river  probably  connected  a  chain  of  these  lakes ; 
and  it  is  in  the  valley  of  the  Yaal  and  the  soil  of  the  dried-up  ''  pans" 
that  the  diamonds  are  found.  The  author  referred  also  to  the 
frequent  disturbance  and  removal  of  the  diamantiferous  gravels  by 
the  floods  which  prevail  in  these  districts  after  thunder-storms. 

3.  "  On  the  Diamond-gravels  of  the  Yaal  Eiver,  South  Africa." 
By  G.  W.  Stow,  Esq.,  of  Queenstown,  Cape  Colonj-.  Communicated 
by  Prof.  T.  Eupert  Jones,  P.G.S. 

The  author  described  the  general  geographical  features  of  the 
country  in  which  diamonds  have  been  found,  from  Mamusa  on  the 
south-west  to  the  headwaters  of  the  Vaal  and  Orange  llivers.  He 
then  indicated  the  mode  of  occurrence  of  the  diamonds  in  the  gravels, 
gravelly  clays,  and  boulder-drifts  of  the  Yaal  valley,  near  Pniel, 
including  Hebron,  Diamondia,  Cawood's  Hope,  Gong  Gong,  Klip 
Drift,  Du  Toit's  Pan,  and  other  diggings.  By  means  of  sections,  he 
showed  the  successive  deepenings  of  the  Vaal  valley  and  the  gradual 
accumulation  of  gravel-banks  and  terraces,  and  illustrated  the  enor- 
mous catchment  area  of  the  river-system,  with  indications  of  the 
geological  structure  of  the  mountains  at  the  headwaters.  The  spe- 
cimens sent  by  Mr.  Stow,  as  interpreted  by  Prof.  T.  R.  Jones,  showed 
that  both  igneous  and  metamorphic  rocks  had  supplied  the  material 
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of  these  gravels.  The  author  concluded  that  a  large  proportion  of 
these  materials  have  travelled  long  distances,  probably  from  the 
Draakensberg  range ;  but,  whether  the  original  matrix  of  the  dia- 
monds is  to  be  found  in  the  distant  mountains  or  at  intermediate 
spots  in  the  valleys,  the  worn  and  crushed  condition  of  some  of  the 
diamonds  indicates  long  travel,  probably  with  ice-action.  Polished 
rock-sui-faces  and  striated  boulders,  seen  by  Mr.  Cliltillan,  were 
quoted  in  corroboration  of  this  view. 

Nov.  22,  1871.— The  Eev.  Thomas  Wiltshire,  M.A.,  F.L.S., 
in  the  Chair. 

The  following  communications  were  read : — 

1.  "  I^otes  on  some  Fossils  from  the  Devonian  rocks  of  the 
"Witzenberg  Flats,  Cape  Colony."     By  Prof.  T.  llupert  Jones,  F.G.S. 

In  this  paj^er  the  author  noticed  some  Devonian  fossils  like  those 
of  the  Bokkeveld,  found  on  Mr.  Louw's  farm  on  the  Witzenberg 
Flats,  Tulbagh.  Orthoceras  vlttatum,  Sandberger,  was  added  to  the 
South-x^fricau  list  of  fossils.  The  fossils  under  notice  were  stated 
by  the  author  to  help  to  substantiate  the  late  Dr.  Eubidgc's  view, 
that  the  old  schists  termed  "  Silurian  "  by  Bain  are  of  Devonian 
age,  and  continuous  across  the  Colony.  Their  presence  in  the 
Witzenberg  Flats  was  also  shown  to  be  conclusive  against  the  idea 
of  Coal-measures  being  found  there. 

2.  "  On  the  Geology  of  Fernando  Xoronha  (S.  lat.  3°  50',  W. 
long.  32°  50')."  By  Alexander  Eattrav,  M.D.  (Edin.),  Surgeon 
E.N.     Communicated  by  Prof.  Huxley,  F.E.S.,  Y.P.G.8. 

The  author  described  the  general  geological  stnicture  of  Fernando 
Noronha  and  the  smaller  islands  which  form  a  group  with  it.  The 
surface-rock  was  described  as  a  coarse  conglomerate,  composed  of 
rounded  basaltic  boulders  and  pebbles,  in  a  hard,  dark-red,  clayey 
matrix.  This  overlies  a  hard,  dark,  fine-grained  basalt,  which 
forms  the  most  striking  of  the  bluffs,  cliiFs,  and  outlying  rocks.  The 
highest  peaks  in  the  group  consist  of  a  fine-grained,  light-grey 
granite.  The  author  remarked  upon  the  possible  relation  of  the 
geology  of  these  islands  to  that  of  the  neighbouring  continent  of 
South  America,  and  stated  that  there  is  evidence  of  the  islands 
having  been  elevated  to  some  extent  at  a  comparatively  recent  period. 

3.  "  Note  on  some  Ichthj'osaurian  remains  from  Kimmeridge 
Bay,  Dorset."     By  J.  W.  Hulkc,  Esq.,  F.E.S.,  F.G.S. 

The  author  noticed  some  teeth  found,  with  a  portion  of  an  Ich- 
thyosaurian  skull,  in  the  Kinimcridge  Clay  of  Dorsetshire.  The 
fragments  of  the  snout  were  said  to  indicate  that  it  was  about  three 
feet  long,  and  proportionally  stout.  The  author  indicated  the  charac- 
ters by  which  these  teeth  were  distinguishable  from  those  of  various 
known  species  of  Ichthi/osmirns,  and  stated  that  they  approached 
most  closely  to  those  of  the  Cretaceous  /.  camjri/hdon. 

4.  "  Appendix  to  a  '  Note  on  a  new  and  imdescribed  Wealden 
Vertebra,'  read  IHh  February,  1870,  and  published  in  the  Quarterly 
Journal  for  August  in  that  year."   ByJ.W.lIulke,  Ks(i.,F.Pi.S.,F.(J.S. 

The  author  generically  identified  this  vertebra  with  OrnWmpsis, 
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Seeley,  Streptospondyhis,  Owen,  and  Cetlosaunis,  Owen,  taking  the 
last  to  be  typified  by  the  large  species  in  the  Oxford  Museum.  He 
remarked  that  if  this  be  the  type  of  Cetiosaurus,  C.  hrevis,  Owen,  can 
hardly  belong  to  it,  as  the  trunk- vertebrae  are  described  as  being  of 
a  totally  different  structure. 

December  6,  1871. — Joseph  Prestwich,  Esq.,  President,  in  the  Chair. 
The  following  commxniications  were  read : — 

1.  "On  the  pi'csence  of  a  raised  beach  on  Portsdown  Hill,  near 
Portsmouth,  and  on  the  occurrence  of  a  Flint  Implement  at  Do'wn- 
ton."     By  Joseph  Prestwich,  Esq.,  F.ll.S.,  President. 

The  author  noticed  a  section  observed  by  him  in  a  pit  ten  miles 
westward  of  Bourne  Common  and  five  miles  inland  in  a  lane  on 
the  north  side  of  East  Cams  Wood.  It  is  situated  at  an  eleva- 
tion of  300  feet  above  the  sea-level,  and  shows  some  laminated 
sands  with  seams  of  shingle,  overlying  coarse  flint-shingle  with  a 
few  whole  flints,  which  the  author  regarded  as  a  westward  continua- 
tion of  the  old  sea-beach  which  has  been  traced  from  Brighton,  past 
Chichester,  to  Bourne  Common.  A  flint  flake  was  found  by  the 
author  at  the  bottom  of  the  superficial  soil  in  this  pit.  The  author 
also  noticed  the  occurrence  of  a  flint  implement  of  the  ty|ie  of  those 
of  St.  Acheul  in  a  gravel  near  Dowutou  in  Hampshire.  This  gravel 
capped  a  small  chalk-pit ;  and  its  elevation  above  the  river  Avon  was 
about  150  feet.  Two  gravel-terraces  occur  between  this  pit  and  the 
river, — one  40-60,  the  other  80-110  feet  above  the  level  of  the  latter. 

2.  "  On  some  undescribed  Fossils  from  the  'Menevian  Group  of 
Wales.' "     By  Henry  Hicks,  Esq.,  F.G.S. 

In  this  communication  the  author  gave  descriptions  of  all  the 
fossils  hitherto  undescribed  from  the  Menevian  rocks  of  Wales.  The 
additions  made  to  the  fauna  of  the  Lower  Cambrian  rocks  (Long- 
mynd  and  ]Mene\'ian  groups)  by  the  author's  researches  in  Wales 
during  the  last  few  years  now  number  about  fifty  species,  belonging 
to  twenty-two  genera,  as  follows  : — 

Trilobites,  10  genera  and  30  species. 

Bivalved  and  other  Cinistaceans,  3  genera  and  4  species. 

Braehiojjods,  4  genera  and  6  sjiecies. 

Pteropods,  3  genera  and  6  species. 

Sponges,  1  genus  and  4  species. 

Cystideans,  1  genus  and  1  species. 
By  adding  to  these  the  Annehds,  which  are  plentiful  also  in  these 
rocks,  we  get  seven  great  groups  represented  in  this  fauna,  the 
earliest  known  at  present  in  this  country.  By  referring  to  the 
Tables  published  in  M.  Barrande's  exceUeut  new  work  on  Trilobites, 
it  wiU  be  seen  that  this  country  also  has  produced  a  greater  variety, 
or,  rather,  representatives  of  a  greater  number  of  groups  from  these 
early  rocks  than  any  other  country.  The  species  described  included 
Agnostus,  5  species;  Arionellus,  1  species;  Erinnys,  1  species; 
Holocephalina,  1  species;  Comcoryphe,  2  species;  Anopolenus,  2 
species;  Cyrtotheca,  1  species;  Stenotheca,  1  species;  Theca,  2 
species ;  Protocystites,  1  species,  &c.  The  author  also  entered  into 
a  consideration  of  the  range  of  the  genera  and  species  in  these 
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early  rocks,  and  showed  that,  with  the  exception  of  the  Bmchiopods, 
Sjwnr/es,  and  the  smaller  Crustacea,  the  ranj^o  was  very  limited. 

A  description  of  the  various  beds  forming  the  Cambrian  rocks  of 
St.  David's  was  also  given,  and  proofs  adduced  to  show  that  fre- 
quent oscillations  of  the  sea-bottom  took  place  at  this  early  period, 
and  that  the  barrenness  of  some  portions  of  the  strata,  and  the  rich- 
ness of  other  parts,  were  mainly  attributable  to  these  frequent  changes. 

XXIX.  Intelligence  and  Miscellaneous  Articles. 

ON  SIGNALS  OBSERVED  IN  A  WIRE  JOINING  THE  EARTH-PLATfeS 
IN  THE  NEIGHBOURHOOD  OF  A  THIRD  EARTH-PLATE  USED  FOR 
A  TELEGRAPHIC  CIRCUIT.  BY  G.  K.  WINTER,  TELEGRAPH 
ENGINEER,   MADRAS  RAILWAY. 

TN  the  course  of  some  experiments  on  earth-currents  an  effect  was 
-*•  observed  which  has  led  to  the  discovery  of  a  fact  which  may  be 
of  some  practical  value,  besides  throwing  additional  light  upon  the 
part  played  by  the  earth  in  telegraphic  circuits. 

Although  several  telegraph-wires  pass  through  Arconum,  only 
two  are  terminal  at  that  station, — one  connecting  it  with  Cuddapah, 
a  town  lying  120  miles  to  the  north-west;  and  the  other,  which  is 
very  little  used,  connects  it  with  Conjeverara. 

Two  earth-plates  were  imbedded  in  the  ground  in  aline  running  east 
and  west  and  nearly  radial  to  the  office  earth-plate;  they  were  about 
a  quarter  of  a  mile  apart,  and  the  nearest  was  about  the  same  distance 
from  the  office  plate.  A  wire  was  erected  on  separate  poles,  connect- 
ing the  two  experimental  eartli-plates.  When  a  retlecting  galvano- 
meter, similar  to  those  used  for  cable  signalling,  was  inserted  in  this 
circuit,  there  was  a  pretty  strong  deflection  ;  but  riding  on  this  de- 
flection, as  it  were,  were  distinct  signals,  which  were  ultimately,  on 
comparison,  found  to  agree  perfectly  with  the  signals  passing  in  the 
Cuddapah  wire. 

The  experiments  were  made  in  a  building  at  least  150  yards  from 
the  telegraph  office  ;  and  the  poles  carrying  the  experimental  wire 
were  at  least  that  distance  from  those  carrying  the  Cuddapah  wire. 
It  is  utterly  imi)ossible,  therefore,  that  any  accidental  leakage  could 
account  for  the  signals.  On  other  wires  running  in  other  directions 
and  varying  from  one  to  two  miles  in  length,  the  same  effects  were 
observed ;  so  that  the  currents  going  to  earth  at  the  office  earth- 
plate  must  radiate  from  it  through  the  earth,  and  the  signals  in  the 
experimental  wires  must  have  been  derived  from  these  radiations. 

The  signals  I  have  now  made  perfectly  legible  by  using  a  thick 
wire  reflecting  galvanometer,  filling  the  mirror-chamber  with  water 
to  steady  the  needle  and  mirror. 

I  have,  in  conclusion,  to  express  my  thanks  to  Mr.  Lundy,  of  the  Bri- 
tish Indian  Extension  Telegraph  Company,  for  having  kindly  lent  me 
a  reflecting  galvanometer  and  one  of  his  staff  accustomed  to  read  by 
the  mirror.  I  may  also  mention  that,  when  speaking  to  him  on  the 
sul)jt'ct  of  the  signals  I  liad  observed,  he  said  he  thought  they  were 
due  to  a  wire  that  was  terminal  at  Arconum.  I  was  myself  of  the 
same  ojjinion,  but  liad  not  at  the  time  actually  made  the  comparison. 

Arconum,  .lau.  27,  lb72.        
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ON  A  REMARKABLE  FAULT  IN  THE  NEW  RED  SANDSTONE  OF 
WHISTON,  CHESHIRE.  BY  PROFESSOR  EDWARD  HULL,  F.R.S., 
DIRECTOR  OP  THE  GEOLOGICAL  SURVEY  OF  IRELAND. 

The  position  of  this  fault  is  marked  on  the  Geological  Survey  maps 
of  Lancashire  (I -inch  ma])  80  N.W.)  as  forming  the  boundary  be- 
tween the  little  isolated  tract  of  coal-measure  one  mile  west  of 
Rainhill  station  and  the  New  Red  Sandstone.  The  fault  ranges  in 
a  nearly  meridional  direction  ;  and  on  the  west  the  upper  coal-mea- 
sures with  Spir  or  bis  limestone,  first  discovered  by  Mr.  Binney,  F.R.S., 
are  brought  to  the  surface,  and  on  the  east  the  upper  mottled  sand- 
stone of  the  Bunter  division  of  the  Trias. 

The  Corporation  of  St.  Helens,  in  order  to  increase  the  water- 
supply  of  the  borough,  commenced  sinking  a  well,  on  Mr.  Hull's  re- 
commendation, at  a  distance  of  200  yards  from  the  fault  in  the  New 
Red  Sandstone,  close  to  Cumber  Lane  bridge*;  this  well  was  carried 
down  75  yards,  and  from  the  bottom  a  bore-hole,  18  inches  diame- 
ter, was  driven  35  yards  further;  but  at  104  yards  from  the  surface 
it  passed  through  the  fault  and  entered  hard  micaceous  sandstone  of 
a  purple  colour  belonging  to  the  upper  coal-measures. 

As  the  horizontal  distance  from  the  outcrop  of  the  fault  where  it 
crosses  the  railway  is  200  yards,  and  the  depth  104  yards,  it  appears 
that  the  slope  of  the  fault  is  about  2  horizontal  to  1  vertical,  or  28° 
from  the  horizontal. 

The  usual  slope  of  the  fault  in  South  Lancashire  being  2  vertical 
to  1  horizontal,  such  a  result  was  unexpected  ;  and  as  the  thickness 
of  New  Red  Sandstone  was  thus  reduced  below  the  calculated 
amount,  the  quantity  of  water  obtained  (about  400,000  gallons  per 
day)  was  consequently  much  less  than  that  required  and  anticipated. 
Other  means  have  been  adopted  for  increasing  the  supply. — Commu- 
nicated by  the  Author,  having  been  read  before  the  Royal  Geological 
Society  of  Ireland,  February  14,  1872. 

DISPLACEMENT   OF  THE   SPECTRAL  LINES   BY  THE  ACTION  OF 
THE  TEMPERATURE   OF  THE  PRISM.      BY  M.   BLASERNA. 

I  have  still  a  fact  to  communicate  which  is  not  unimportant  for 
spectroscopy.  On  looking  at  the  sun's  spectrum  through  a  bisul- 
phide-of-carbon  j)rism,  I  observed  that  the  Fraunhofer's  lines  were 
considerably  displaced.  This  fact  is  not  new  in  reference  to  liquids. 
It  was  observed  in  Verdet's  laboratory.  As  regards  the  refractive 
index,  it  has  long  been  known  that  it  changes  with  the  temperature. 

But  it  has  been  universally  assumed  in  reference  to  solids  that 
these  changes  are  unimportant.  I  had  therefore  the  idea  of  working 
with  the  substances  most  important  for  spectroscopy,  and  used  a 
flint-glass  prism  by  Duboscq.  The  displacements  of  the  lines  are 
here  far  feebler,  yet  distinctly  visible.  This  is  easily  manifested 
if  the  prism  be  heated  in  sunshine,  then  rapidly  inserted  in  a  spec- 
troscope in  the  shade  and  adjusted  to  any  line.  As  the  prism  cools, 
the  line  is  displaced,  and  in  such  a  manner,  in  the  case  of  glass,  that 
the  defection  increases  us  the  temperature  sinks;  the  reverse  being 
the  case  with  bisulphide.  If  the  temperature  of  the  prism  is  not 
uniform,  the  Fraunhofer  lines  become  confused  and  but  barely  visible. 

This  site  was  selected,  notas  being  the  best  for  water-supply,  but  the 
best  available. 
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With  my  flint-glat-s  prism  of  60°  I  measured  the  displacements  of 
the  double  line  ot"  sodium  ;  but  the  measurements  were  within  a 
small  interval  of  temperature.  To  give  you  an  idea  of  our  climate, 
I  may  mention  that  for  six  weeks,  during  which  I  chose  the  most 
favoural)le  hours  of  the  day  and  of  the  night,  I  could  obtain  no  greater 
interval  than  at  most  5\°.  But  by  using  an  excellent  theodolite- 
spectrometer  of  Starke  in  Vienna,  by  which  measurements  to  a  second 
could  be  effected,  I  could  observe  that  the  line  D'  was  displaced  3'  for 
1°  Centigrade.  This  displacement  is  considerable  ;  for  the  distance 
between  D  and  D'  amounts,  in  my  apparatus,  to  12'.  From  this 
it  follows  that  a  change  of  4°  C.  is  sufficient  to  remove  D  to  the 
place  of  D'.  This  source  of  error  is  the  more  important  because  it 
easily  occurs — if,  for  instance,  an  observation  made  in  full  sunshine 
be  compared  with  one  made  in  the  shade,  or  one  made  at  midday 
be  compared  with  one  in  the  night  or  one  in  the  morning. 

There  is  thus  only  one  good  method  of  spectroscopic  comparison, 
namely  the  superposition  of  the  spectra.  In  other  cases  the  spec- 
troscope must  be  graduated  and  the  temperature  frequently  deter- 
mined, which  is  difficult  when,  for  instance,  the  sun  is  observed.  For 
this  reason  more  than  one  spectroscopic  measurement  needs  repeat- 
ing.— Bibliotheque  Universelle,  August  1871. 


COLOURED  GELATINE  PLATES  AS  OBJECTS  FOR  THE  SPEC- 
TROSCOPE.      BY   E.   LOMMEL. 

In  order  to  avoid  the  inconvenience  of  using  solutions  in  glass  vessels 
in  demonstrating  the  phenomena  of  absorption  of  soluble  colouring- 
matters,  I  use  gelatine  lamince  which  are  coloured  with  the  matters  in 
question.  To  protect  them  from  wearing  out,  from  air  and  dust, 
they  are  enclosed  between  two  colourless  glass  plates  ;  and  even  with 
delicate  colouringmatters  they  keep  perfectly.  A  compendious  collec- 
tion of  the  most  varied  colouring-matters  may  thus  be  made,  which  are 
always  handy  for  demonstration,  whether  for  the  objective  jirojectioi 
of  absorption-spectra,  or  for  subjective  observation  by  the  spectroscope. 
We  can,  for  instance,  at  any  time  exhibit  the  changes  which  the  spec- 
trum of  the  colouring-matterof  the  blood  undergoes  by  various  agents 
without  needing  to  perform  the  lengthy  operations  with  fresh  blood. 

The  changes  of  the  absorption- spectra  for  continually  thicker 
layers  of  the  colouring  medium  may  be  quickly  and  conveniently 
effected  by  superposing  on  each  other  a  continually  larger  number 
of  gelatine  plates  of  the  same  thickness  and  the  same  intensity  of 
colour.  The  phenomena  of  a  wedge-shaped  layer  may  be  imitated 
by  superposing  a  large  number  of  feebly  coloured  laminoe. 

The  production  of  perfectly  homogeneous  and  transparent  laminae 
can  be  effected  even  with  colouring-matters  which  are  soluble  in 
alcohol  but  not  in  water,  as,  for  instance,  aniline  colours  and  chlo- 
rophyl.  Chlorophyl  gelatine,  however,  does  not  give  the  spectrum 
of  the  alcoholic  chloro])hyl  solution  which  was  used  for  colouring 
the  aqueous  gelatine  solution,  but  that  of  solid  chlorophyl  as  shown 
by  leaves  in  transmitted  light.  I  have  not  l)een  able  to  observe  any 
such  difference  between  the  spectrum  of  the  solidified  colouring- 
matter  in  the  gelatine  as  compared  with  that  of  its  solution. — Pog- 
gcndorft's  Anfialen,  October  1871.  [Thin  plates  of  mica  might  be 
even  mo'-e  suitable  for  this  purpo<»c. —  En.  Pliil.  Mag.) 
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XXX.  On  the  Relations  between  the  Atomic  Hypothesis  and  the 
Condensed  Symbolic  Expressions  of  Chemical  Facts  and  Changes 
known  as  Dissected  {Structural)  Formulce.  By  C.  R.  A. 
Wright,  D.Sc,  Lecturer  on  Chemistry  in  St.  Mary's  Hospital 
Medical  School"^. 

ON  comparing  the  published  views  and  statements  of  different 
chemists  on  the  subject  of  the  Atomic  Hypothesis,  it  is 
evident  that  in  some  instances  the  same  meanings  are  not  always 
given  to  the  words  employed  in  stating  the  fundamental  posi- 
tions of  the  various  lines  of  argument,  and  that  the  meaning 
and  scope  of  the  phrase  "  Atomic  Hypothesis  "  are  very  differ- 
ently understood  by  different  thinkers.  Thus  highly  contra- 
dictory statements  are  to  be  met  with — one  chemist  considering 
that  the  "law  of  multiple  proportions  has  no  existence  apart 
from  the  atomic  theory,"  and  that  the  atomic  theory  is  "  the 
very  life  of  chemistry,"  while  others  deny  in  toto  the  truth  of 
the  first  proposition,  and  say  that  "  the  science  of  chemistry  does 
not  require  or  prove  the  atomic  theory." 

The  object  aimed  at  in  the  following  pages  is  to  show  : — first, 
that  the  main  salient  facts  and  generalizations  on  which  chemical 
philosophy  is  founded  are  capable  of  expression  in  words,  and 
of  representation  by  the  symbols  in  oi'dinary  use,  without  in  any 
way  involving  the  ideas  bound  up  in  the  hypothesis  of  the  ex- 
istence of  material  atoms  as  devised  by  Dalton  (in  its  chemical 
relations)  and  subsequently  extended ;  and  secondly,  that  this 
hypothesis,  though  affording  a  clear  raison  d'etre  for  many  of 
these  facts,  is  yet  incapable  of  accounting  readily  for  all  of  them, 
*  Communicated  by  the  Author. 
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— in  other  words,  that  the  conceptions  involved  in  this  hypo- 
thesis are  hoth  unnecessary  and  insufficient. 

In  pursuance  of  this  object  it  is  clearly  necessary,  first,  to 
enumerate  the  fundanaental  facts  in  language  that  clearly  ex- 
presses them  without  at  the  same  time  involving  any  theoretical 
views  whatever,  and  then  to  enunciate  the  theory  and  show  how 
far  it  accounts  for  these  facts.  In  most  writings  on  the  subject 
it  unfortunately  happens  that  terms  such  as  atom,  molecule, 
structure,  &c.  are  employed  in  stating  fundamental  data,  these 
terms  necessarily  involving  the  ideas  and  notions  of  the  very 
hypothesis  under  consideration ;  to  avoid  the  petitio  principii 
thus  rendered  imminent,  it  is  desirable  to  eliminate  such  terms 
altogether  from  the  language  employed  in  stating  the  funda- 
mental facts,  and  the  way  in  which  they  are  expressed  and  alluded 
to  by  the  ordinary  symbols. 

1.  The  volume  occupied  by  1  gramme  of  hydrogen  under 
given  circumstances  as  to  temperature  and  pressure  in  any  expe- 
riment is  termed  a  "Relative  Vapour-volume  Unit,  or  more 
briefly,  a  "  Volume.'' 

2.  The  specific  gravities  of  vapours  (vapour-densities)  with 
respect  to  hydrogen  mean  the  numbers  of  grammes  that  a  volume 
of  the  gases  or  vapours  weighs,  the  pressure  and  temperature  being 
respectively  such  that  the  compounds  in  question  are  aeriform. 

Thus  the  volume  occupied  by  1  gramme  of  hydrogen  at  0°  and 
7G0  millims.  is  11"2  litres;  11"2  litres  of  oxygen  at  this  pres- 
sure and  temperature  weigh  16  grammes;  hence  16  is  the  spe- 
cific gravity  of  oxygen. 

The  volume  occupied  by  1  gramme  of  hydrogen  at  temperature 

t°  and    pressure  p  millims.   is  11*2  x  (14-0-00365  x /)  x  . 

This  volume  of  water  (the  pressure  and  temperature  being  such 
that  the  water  is  aeriform)  weighs  9  grammes ;  hence  the  vapour- 
density  of  water  is  9. 

3.  A  homogeneous  body,  when  submitted  to  analytical  pro- 
cesses, is  either  capable  of  furnishing  simultaneously  more,  or 
not  more,  than  one  substance  dissimilar  in  properties  to  the 
original  body.  In  the  first  case  the  body  is  said  to  be  a  com- 
pound, to  be  composed  of  the  several  substances  which  it  can  thus 
I'uiiiish  on  analysis;  in  the  latter  case  it  is  called  an  clement; 
and  if  it  furnish  one  substance  dissimilar  to  the  original  body, 
the  original  substance  is  said  to  be  an  allotropic  modification  of 
this  element. 

Thus  ozone  analyzed  by  heat  or  by  induction-sparks  yields 
but  one  body  dissimilar  from  ozone;  this  new  product  is  termed 
oxygen,  and  ozone  is  said  to  be  an  allotropic  modification  of  the 
element  oxygen  :  oxygen  itself,  never  having  been  analyzed  into 
any  two  substances,  is  therefore  termed  an  element. 
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Mercuric  oxide  when  heated,  however,  yields  not  only  oxygen 
identical  with  that  from  ozone,  but  also  metallic  mercury; 
hence  mercuric  oxide  is  said  to  be  a  compound  of  mercuiy  and 
oxygen. 

The  questions  as  to  whether  oxygen  and  mercury  are  present 
as  such  in  mercuric  oxide,  whether  both  are  essentially  altered 
in  the  combined  state,  whether  bodies  generally  are  simply  force 
determined  in  some  or  other  different  ways,  &c.,  are  speculations 
with  which  the  chemist  who  wishes  to  deal  solely  with  facts  has 
nothing  to  do.  Mercuric  oxide  is  a  name  given  to  a  body  which, 
on  heating,  furnishes  the  two  bodies  termed  oxygen  and  mercury 
respectively ;  and  this  fact  is  referred  to  when  it  is  said  that  mer- 
curic oxide  is  a  compound  of  mercury  and  oxygen ;  this,  and  the 
converse  proposition  that  mercury  and  oxygen  can  under  certain 
conditions  reproduce  the  original  mercuric  oxide,  are  referred  to 
when  it  is  said  that  mercury  and  oxygen  urate  together  to  form 
mercuric  oxide,  or  that  mercury  and  oxygen  are  components  of 
mercuric  oxide. 

4.  Bodies  that  are  not  decomposed  by  a  rise  in  temperature 
are  either  aeriform  at  common  temperatures,  gasefiable  at  higher 
temperatures,  or  non-volatile  at  measurable  temperatures.  Many 
elements  which  are  themselves  non-volatile  yield  gasefiable  com- 
pounds with  elements  belonging  to  the  other  two  classes ;  the 
composition  by  weight  of  these  compounds  is  known  by  analysis 
or  synthesis.  From  this  composition  and  the  vapour-densities 
of  the  compounds  the  volumetric  ratio  between  the  compounds 
and  the  gasefiable  components  is  known.  In  many  instances 
this  ratio  admits  of  being  also  directly  determined  by  experi- 
menting with  the  components  in  the  gaseous  state. 

Thus  water  is  found  to  consist  of  88*89  per  cent,  oxygen  and 
11*  11  per  cent,  of  hydrogen:  the  vapour-densities  of  steam, 
oxygen,  and  hydrogen  are  respectively  9,  16,  and  1.     Hence 

1  volume  of  water-vapour  consists  of  -.^^    x  ^  volumes  of  hv- 

100        1  '' 

drogen  and  ^-7)fr  ^  ffi  volumes  of  oxygen,  i.  e.  of  1  volume  of 

hydrogen  and  \  volume  of  oxygen  :  volumetric  analysis  or  syn- 
thesis of  steam  verifies  this  calculation. 

Experiment  shows  that  a  volume  of  the  vapour  of  almost  all 
gasefiable  compounds  contains  the  gasefiable  elements  in  the 

proportion  of  ->  ->  ->->-,...  volumes,   i.  e.  that  two  volumes 

/ii     A     /i     /i     li 

of  the  compound  vapour  contain  1,  2,  3,  4,  5, . . .  volumes  of 
the  gasefiable  components.  Two  volumes  is  therefore  chosen  as 
the  relative  unit  of  volume  for  compound  vapours. 

R2 
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There  are  exce])tions  to  this  rule,  viz. : — compounds  of  arsenic 
and  phosphorus/.vhich  contain  only  multiples  of  ^  volume  of  phos- 
phorus or  arsenic  vapour  in  2  volumes  of  compound  vapour,  and 
not  multiples  of  1  volume;  also  compounds  that  dissociate.  The 
former  com|)ounds  are  excluded  from  consideration  on  the  as- 
sumption that  the  bodies  examined  in  the  vaporous  condition 
under  the  names  of  i)hosphorus  and  arsenic  are  not  the  true  ele- 
ments, but  only  allotropic  moditications  of  them,  bearing  to  them 
an  analogy  similar  to  that  of  ozone  to  oxygen,  a  view  corrobo- 
rated by  the  facts  known  with  regard  to  sulphur  (§  8). 

5.  The  smallest  number  of  (jrammes  of  an  element  contained  in 
two  volumes  of  the  homogeneous  vapour  of  any  of  its  compounds  is 
termed  the  Combining  Number  of  the  element.  Thus  the  small- 
est number  of  grammes  of  carbon  contained  in  the  homogeneous 
vapour  of  any  of  its  compounds  is  12  ;  similarly  of  oxygen,  16  ; 
of  hydrogen,  1 ;  and  so  on.  12,  16,  and  1  are  therefore  called 
the  combining  numbers  of  carbon,  oxygen,  and  hydrogen  re- 
spectively. 

6.  Many  compounds  contain  in  two  volumes  of  vapour  a 
larger  number  of  grammes  of  some  of  the  com])onents  than  the 
combining  number ;  the  number  of  grammes  thus  contained, 
however,  is  ahoays  found  to  be  a  multiple  of  the  combining  number. 
Thus  compounds  of  hydrogen  contain  2,  3,  1,  . . .  grammes  of 
hydrogen  in  two  volumes  of  vapour,  but  no  intermediate  frac- 
tional numbers  of  grammes;  so  of  carbon,  24',  36,  48,... 
grammes,  but  no  intermediate  numbers;  so  of  oxygen,  16,  32, 
48,  64, . . .  grammes,  but  no  intermediate  numbers.  This  is  re- 
ferred to  under  the  name  of  the  "  Laio  of  multiple  proportions." 

7 .  The  following  convention  is  employed  to  indicate  symboli- 
cally the  composition  of  compounds.  A  letter  from  the  name  of 
each  element  (or  more  letters  than  one)  is  taken  as  a  symbol  to 
represent  not  merely  that  element,  but  also  a  relative  weight  of  the 
clement  in  the  proportion  of  its  combining  number ;  thus 

H  means  a  relative  weight  of  1  ])art  of  hydrogen ; 
C  „  „  12  parts  of  carbon ; 

O  „  „  16  parts  of  oxygen. 

Compounds  are  indicated  by  the  juxtaposition  of  the  symbols 
of  the  component  elements.  When  two  volumes  of  the  vapour 
of  the  compound  contain  a  multiple  of  the  combining  number 
of  grammes  of  any  element,  this  fact  is  expressed  by  applying  a 
suffice  to  the  symbol  of  the  element,  the  value  of  the  sufhx  being 
the  numerical  value  of  the  multiple  :  in  accordance  with  the  law 
of  multiple  ])roportions,  this  value  is  always  an  integer,  a  mul- 
tiple of  unity. 

Thus  water  is  expressed   by  the  compound  symbol  IPO', 
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because  two  volumes  of  steam  contain  two  volumes  of  hydrogen 
and  one  volume  of  oxygen.  Necessarily,  therefore,  a  compound 
symbol  expresses  the  quantitative  composition  by  weight  as  well 
as  by  volume;  the  expression  H'-O'  indicates  that  in  water  the 
hydrogen  and  oxygen  are  in  the  proportion  of  3  x  1  parts  of  the 
first  to  1x16  parts  of  the  second. 

These  collocations  of  symbols  and  suffixes  are  termed  Formula  ; 
usually  the  suffix  1  is  omitted  for  brevity.  In  the  majority  of 
known  forniulse  the  suffix-values  are  not  high,  comparatively  few 
being  known  where  the  values  exceed  4,  except  in  the  case  of 
carbon  compounds. 

8.  Since  two  volumes  of  hydrogen  weigh  2  grammes,  the 
formula  of  hydrogen  is  written  H^.  Similarly  two  volumes  of 
oxygen  weigh  2x16  grammes,  and  therefore  the  formula  of 
oxygen  is  0"^ ;  so  of  chlorine,  CP;  of  nitrogen,  N^;  of  sulphur 
at  high  temperatures,  S^, . . .  This  is  tantamount  to  an  expres- 
prcssion  of  the  fact,  that  in  the  case  of  such  elements  as  these 
the  specific  gravity  with  respect  to  hydrogen  is  expressed  by  the 
combniing  number. 

This  rule,  however,  does  not  hold  good  for  all  gasefiable  ele- 
ments, nor  for  allotropic  modifications.  Thus  two  volumes  of  the 
homogeneous  vapour  of  mercury-compounds  contain  200  grms. 
of  mercury  as  the  minimum  number  ;  200  is  therefore  the  com- 
bining number  :  two  volumes  of  mercury-vapour,  however,  only 
weigh  200  grammes,  and  hence  the  formula  of  mercury  is  Hg 
and  not  Hg^ ;  i.  e.  the  specific  gravity  of  its  vapour  with  respect 
to  hydrogen  is  only  half  its  combining  number.  On  the  other 
hand,  phosphorus  and  arsenic  are  found  to  have  the  forniulse  P* 
and  As^;  i.  e.  the  vapour-densities  of  these  elements  are  double 
their  combining  numbers  respectively.  So  sulphur  at  low  tem- 
peratures has  the  formula  S^'  and  ozone  0^.  Of  the  different 
modifications  of  an  element,  that  which  thus  gives  the  lowest 
formula  is  regarded  as  being  the  element  itself,  and  those  of 
higher  formulae  as  modifications  of  it ;  and  hence  it  is  possible  that 
ordinary  arsenic  and  phosphorus  aire  \iot  the  true  elements,  but 
only  allotropic  modifications. 

9.  In  some  instances  homogeneous  compounds  yield,  on  heat- 
ing, non-homogeneous  vapours,  which,  however,  reproduce  the 
original  compounds  on  cooling :  the  non-homogeneity  of  the 
vapour  is  found  by  physical  or  other  tests  {e.  g.  diff'usion  in  the 
case  of  sulphuric  acid  or  ammonium  chloride,  amalgamation  of 
gold  leaf  in  the  case  of  calomel-vapour).  In  these  cases  Z)mo- 
ciation  is  said  to  take  place.  Such  vapours  always  lead  to  formulee 
difl'erent  from  those  ascribable  to  the  compounds  from  analogy 
and  other  considerations,  and  frequently  indicate  the  combining 
number  of  an  element  as  less  than  the  raiuimum  number  derived 
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from  other  compounds  of  the  element  that  do  not  dissociate. 
Thus  the  vapour-density  of  calomel  (dissociated)  indicates  the 
formula  HgCl;  but  the  generalization  of  even  variation  in  va- 
lency (§  22)  indicates  double  this,  or  Ilg^CP;  and  the  vapour- 
densities  of  sulphuric  acid,  phosphorus  pentachloride,  and  am- 
monium chloride  would  represent  the  combining  numbers  of 
sulphur,  phosphorus,  nitrogen,  and  chlorine  as  respectively  16, 
15 "5,  7,  and  17"75 — i.  e.  the  halves  of  the  minimum  numbers 
occurring  in  undissociated  compounds. 

Compounds  that  dissociate,  or  are  believed  to  do  so,  must  there- 
fore be  excluded  in  the  determination  of  the  combining  number  of 
an  element. 

10.  In  the  case  of  the  elements  Mercury,  Sulphur,  Selenium, 
Tellurium,  Bromine,  Iodine,  Phosphorus,  Arsenic,  Antimony, 
Bismuth,  Tin,  Osmium,  Zinc,  and  probably  others,  the  combi- 
■  ning  numbers  deduced  from  the  gasefiable  compounds  of  these 
elements  are  found  to  be  approximately  inversely  proportional  to 
the  specific  heats  of  these  elements  in  the  solid  state,  or  in  other 
words,  specific  heat  x  combining  number  =  constant  =  6'6 
nearly. 

A  similar  law  is  found  to  hold  with  some  of  the  gaseous  ele- 
ments ;  only  in  this  case  the  value  of  the  constant  is  different,  as 
might  be  expected  from  the  different  physical  conditions ;  thus 
the  permanent  gases  oxygen,  hydrogen,  and  nitrogen  give  the 
constant  3*4,  and  the  condensable  gases  chlorine  and  bromine- 
vapour  the  constant  4'3. 

Applying  this  principle  to  those  elements  which  do  not  yield 
gasefiable  compounds,  it  is  found  that  when  each  element  is  de- 
noted by  a  symbolic  letter  (or  letters),  and  each  symbol  is  made 
to  represent  a  relative  weight  of  the  element  it  indicates  approxi- 

mately  equal  to  -^  (where  S  is  the  specific  heat  of  the  solid 

element),  the  quantitative  composition  of  all  compounds  of  these 
elements  may  be  represented  by  collocations  of  symbols  and  suf- 
fixes similar  in  character  to  the  formulae  deduced  for  the  gasefiable 
compounds  from  their  composition  and  vapour-density,  and  spe- 
cially characterized  by  the  fact  that  the  suffix-values  are  always 
integers  and  rarely  high  numbers. 

Tlie  term  "  formula  "  is  therefore  extended  to  the  collocations 
of  symbols  and  suffixes  that  thus  express  the  quantitative  com- 
position of  non-volatile  compounds,  the  term  "  combining  num- 
ber "  being  similarly  extended  to  the  relative  numbers  approxi- 
mately equal  to  -n-  • 

In  many  instances  it  happens  that  a  relation  between  the 
values  of  the  suffixes  applied  to  a  given  symbol  in  several  differ- 
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ent  formulae  of  this  kind  exists  similar  to  that  which  exists  in  the 
case  of  the  formulae  of  volatile  compounds,  and  to  which  the  term 
"  law  of  multiple  proportions "  is  given ;  this  law  is  therefore 
extended  so  as  to  include  such  cases  of  non-volatile  substances. 
11.  From  the  specific  heats  of  sodium,  magnesium,  iron,  and 
platinum  the  combining  numbers  of  these  elements  are  respect- 
ively fixed  as  23,  24,  56,  and  198.     The  composition  of  some 
of  the  compounds  of  these  elements  with  chlorine  are  then  ex- 
pressible by  the  formula  NaCl,  MgCP,   FeCl^  PtCl^  FeCF, 
PtCl^,   in   which  instances  the  law  of  multiple  proportions  is 
noticeable  as  holding.     It  is  manifest  that  any  of  the  formulae 
Na^CP,  Mg^CH,  F^Cl^,  Pt^  Cl^  Fe^  CF,  Pt^^Cl^  or  Na^CF, 
Mg3  Cl«,  Fe^^  CIS,  pt3  CIS,  ^^^3^9^  p(.3  cii^^  &c.  would  equally  well 
express  the  composition  by  weight  of  these  compounds.    Vapour- 
density  being  the  sole  means  of  deciding  on  the  formula  of  a 
body  (apart  from  reasons  based  on  analogy),  and  being  inappli- 
cable in  such  cases,  the  simplest  integral  formula  is  chosen,  not 
because  there  is  any  evidence  in  its  favour,  but  solely  for  the 
sake  of  simplicity.     This  amounts,  therefore,  to  making  the  sup- 
position that  two  volumes  of  vapour  of  the  body,  if  obtainahlCy 
would  contain  weights  of  the  constituents  indicated  by  the  simplest 
integral  formula. 

In  some  cases,  however,  the  progress  of  discovery  has  shown 
that  the  formula  deduced  from  this  supposition  is  lower  than  the 
correct  one :  thus  the  composition  of  ferric  chloride  is  expres- 
sible by  the  simplest  integral  formula  FeCP,  which  was  accord- 
ingly attributed  to  it  until  the  vapour-density  of  the  compound 
was  taken,  when  the  formula  was  found  to  be  really  Fe^CP. 

Similarly,  arguments  from  analogy  and  other  considerations 
sometimes  lead  to  the  adoption  of  a  formula  higher  than  that  de- 
duced from  the  above  convention.  Thus  two  carbon  chlorides 
whose  simplest  integral  formulae  are  CCl'^  and  CCF  exist ;  vapour- 
density  shows  that  the  true  formulae  are  C^  CI''  and  C'^  Cl^;  hence 
it  IS  inferred  that,  as  ferric  chloride  has  the  formula  F^Cl*',  fer- 
rous chloride  is  F^  CH  and  not  FeCP.  Again  the  simplest  inte- 
gral formulae  for  the  two  copper  chlorides  are  CuCl  and  CuCP ; 
but  the  generalization  that  variation  in  valency  proceeds  by  even 
differences  (§  22)  leads  to  the  higher  formula  Cu^  CP  for  the 
first  compound.  Again,  the  simplest  integral  formula  for  codeine 
is  C'^  H'-^*  NO'^j  but  the  first  product  obtainable  from  this  sub- 
stance by  the  action  of  hydrogen  chloride  is  C^^  H^^  CIN^  0^; 
hence  it  is  inferred  that  the  true  formula  for  codeine  is  double 
the  simplest  integral  one,  i.  e.  is  C^^  H^'^  N^  0^. 

12.  The  formulae  of  bodies  are  thus  fixed  from  consideration 
of  the  following  points  : — Quantitative  volumetric  composition  in 
the  case  of  volatile  compounds  {i,  e.  the  weights  of  the  compo- 
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nents  contained  in  two  volumes  of  vapour);  specific  heat  of  nou- 
vohitilc  elements;  and  generalizations,  analogies,  and  conventions 
of  various  kinds,  occasionally  leading  to  higher  formulae  than 
those  deduced  from  the  convention  as  to  the  simplest  integral 
formula. 

When  fixed  in  these  ways,  several  remarkable  relations  be- 
tween the  formulae  of  bodies  and  their  physical  and  other  pro- 
perties are  found  to  exist.  Thus  a  number  of  crystalline  bodies 
of  analogous  and  similar  formulae  are  found  to  crystallize  in  forms 
of  the  same  geometrical  structure,  and  are  frequently  capable  of 
forming  different  portions  of  the  same  regular  geometric  crystal. 
Such  bodies  are  said  to  be  isomorphuus ;  and  the  law  of  isomor- 
phism (Mitscherlicli's  law)  may  be  simply  expressed  thus — 
similar  formula,  similar  crystal.  Thus  potassium  nitrate  and  cal- 
cium carbonate,  whose  formulae  are  analogous,  viz.  KNO^,  CaCO^, 
are  not  merely  isomorphous,  but  also  isodimorphous.  The  alums, 
the  magnesium-  and  copper-sulphate  families,  and  many  others 
might  also  be  cited. 

13.  The  following  connexion  is  found  to  exist  between  the 
specific  gravities  of  solid  and  liquid  substances  and  the  formulae 
attributed  to  them*  :  if  certain  numbers  be  assigned  to  each  ele- 
mentary symbol  in  a  formula,  these  numbers  sometimes  varying 
in  different  classes  of  compounds,  but  being  constant  for  all 
members  of  the  same  class,  the  sum  got  by  multiplying  each  of 
these  numbers  by  the  suffix  of  the  symbol  to  which  it  refers  and 
adding  together  the  products  is  always  approximately  equal  to 
the  quotient  obtained  by  dividing  by  the  specific  gravity  of  the 
body  in  question  (measured  under  certain  given  conditions,  as  at 
the  boiling-point  in  the  cases  of  liquids)  the  sum  obtained  by 
multijjlying  the  combining  number  of  each  symbol  in  the  formula 
by  its  suffix  and  adding  together  the  products  thus  obtained. 

This  relation  is  more  simply  expressed  by  stating  that  the 
specific  volume  of  a  compound  can  he  calculated  when  its  formula 
is  known  together  with  certain  numbers  depending  only  on  the  nature 
of  the  component  elements,  and  in  some  instances  on  the  class  of 
compound  formed.  Thus  oxygen  has  the  number  7' 8  attached 
to  it  in  compounds  analogous  to  water,  alcohol,  &c. ;  but  the 
number  12"2  in  such  bodies  as  aldehyde,  acetone,  &c.  Carbon 
has  similarly  the  number  1 1,  and  hydrogen  5*5.  Then  the 
specific  volume  of  water  at  its  boiling-point  is 

2  X  5*5  +  7-8=  18-8  ,which  approximately  =  —  , 

where  09579  is  the  specific  gravity  of  water  at  its  boiling-point. 
*  Kopp,  Ann.  der  Chem,  und  Pharm.  vol.  xcvi.  p.  153. 
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So  the  specific  volume  of  alcohol  (C^U^O)  is 

2  X  12  +  6+ 16 
2  X  11  +  6  X  5-5  +  7-8  =  62-8,  approximately  = rrTyT > 

and  that  of  aldehyde  (C^II'iO)  is 

2x12  +  4  +  16 
2x  ll+4x  5*5 +  12-2  =  56*2,  approximately = n^r^ ' 

where  0*74  and  0"78  are  the  specific  gravities  of  alcohol  and 
aldehyde  at  their  boiling-points  respectively. 

Similarly  for  other  elements.  Thus  in  mercaptan  and  analo- 
gous bodies  sulphur  has  the  number  22*6,  and  in  other  sub- 
stances 28'6  attached  to  it. 

It  is  frequently  noticeable  that  the  specific  volumes  of  iso- 
morphous  compounds  (which  accordingly  have  analogous  for- 
mulse)  are  nearly  identical;  analogy  of  composition  cannot, 
however,  be  inferred  from  identity  of  specific  volume,  as  many 
instances  are  known  where  bodies  of  utterly  dissimilar  formulae 
have  nearly  identical  specific  volumes. 

14.  A  similar  connexion  exists  between  the  specific  refractive 
energies  and  the  formulae  of  compounds*.  If  certain  numbers  be 
attributed  to  each  elementary  symbol  in  a  formula,  these  numbers 
sometimes  varying  with  the  class  of  compound,  but  being  con- 
stant for  all  compounds  of  the  same  class,  the  sum  obtained  by 
multiplying  each  of  these  numbers  by  the  suflfix  of  the  symbol 
to  which  it  refers  and  adding  together  the  products  is  always 
approximately  equal  to  the  product  obtained  by  multiplying  by 
the  specific  refractive  energy  of  the  body  in  question  the  sum 
obtained  by  multiplying  the  combining  number  of  each  symbol 
in  the  formula  by  its  suffix  and  adding  together  the  products. 

This  relation  is  more  simply  expressed  by  stating  that  the 
refraction-equivalents  of  compounds  are  calculable  when  their  for- 
mula are  known,  and  likewise  certain  numbers  depending  only  on 
the  nature  of  the  component  elements,  and  in  some  instances  on  the 
class  of  compound  formed.  Thus  attributing  to  carbon,  in  such 
compounds  as  ether,  alcohol,  &c.,  the  number  5*0,  to  hydrogen 
in  similar  bodies  i"3,  and  to  oxygen  3'0,  the  refraction-equiva- 
lent of  ether  {C^W^}  is  4  x  5-0+ lOx  l-3  +  3-0=36-0,  appro- 
ximately =  (4x  12  +  10  +  16)  xO-49,  where  0-49  is  the  specific 
refractive  energy  of  ether. 

In  other  classes  of  compounds  difi'erent  numbers  must  be  attri- 
buted to  one  or  other  of  these  elements  :  thus  in  benzene-deri- 
vatives, carbon  has  a  higher  number  than  5'0;  in  hydracids, 
hydrogeu  has  the  number  3*5  attached  to  it. 

15.  In  many  instances,  especially  in  organic  bodies,  the  boil- 
ing-point  of  a  liquid  and  its  formula  are  connected  after  a  some- 

*  Gladstone,  C.   S.  J.  [2]vol.  viii.  p.  101. 
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what  analogous  fasliion.  Thus  by  comparing  formuhe  whicli  arc 
analogous,  but  differ  in  the  value  of  the  suffixes,  it  is  noticed  that 
a  difference  in  the  boiling-point  occurs  precisely  proportionate  to 
the  alterations  in  the  suffix-values  nuiltiplied  respectively  by 
certain  numbers  attributed  to  carbon,  hydrogen,  oxygen,  &c., 
the  values  of  these  numbers  frequently  depending  on  the  class 
of  compound  examined*. 

A  somewhat  similar  circumstance  occurs  as  regards  the  melt- 
ing-points of  bodies  of  analogous  formulre,  though  the  numerical 
connexions  do  not  appear  to  be  so  distinctly  marked. 

The  specific  heats  of  solid  substances  of  analogous  formulae 
are  also  frequently  found  to  be  inversely  proportionate  to  the 
sum  of  the  product  obtained  by  multiplyiug  the  combining  num- 
bers of  each  symbol  in  the  formula  by  its  suffix  and  adding 
together  the  products. 

10.  When  the  elementary  symbols  are  arranged  in  the  order 
of  their  combining  numbers  fixed  by  the  foregoing  considerations, 
they  are  found  to  succeed  one  another  in  a  remarkable  sequence 
as  regards  their  chemical  analogies,  forming  sets  of  (usually)  8 
numbers  each  so  arranged  that  the  1st,  2nd,  3rd, . . .  members 
of  each  set  exhibit  considerable  analogyf. 

General  formula  of  oxygen  compound. 


R-0.     R2  02  =  R0.      R^O^ 


R2  0'  =  R02.     R2  0'.    R2  0«  =  R0^   R- 0^.  R^O^  =  RO^ 

General  formula  of  hydrogen  compound. 
^ A. 

RH^  RIP  RIP  RII. 


H  =  l 
Li=7 
Na=23 

K  =  39 

Cu=63 

Rb  =  85 

Ag=108 
Cs=133 


Be=9-4 
Mg  =  24 

Ca=40 

Zn  =  65 

Sr  =  87 

Cd  =  112 
Ba=137 


Au=199 


IIg=200 


B  =  ll 
Al  =  27-3 


Yt=88  ? 

In  =  113 
Di=138? 

Er=l78? 

Tl=204 


C  =  12 

Si  =  28 

Ti  =  48 


Zr=90 

Sn  =  118 
06=140.' 

La=180? 

Pb  =  207 
Th  =  231 


N  =  14 
P  =  31 

V  =  51 

As  =  75 

Nb  =  94 

Sb  =  122 

Ta=182 
Bi  =  208 


0=16 

F=19 

S=32 

CI  =  355 

Or  =  52 

Mn  =  55 

Se  =  7S 

Br  =  80 

Mo  =  96 

Te=125? 

1  =  127 

W  =  181 

U  =  240 

Fe  =56 
Co  =59 
N    =59 

Ru  =104 
Rh  =104 
Pdl=106 


Os  =195 
Ir  =197 
Ft  =198 


*  Kopp,  Ann.  der  Chem.und  PJtarni.  vol.  xcvi.  pp.  2  &  330;  vol.  xcviii. 
pp.  2r;7  &  3fi7. 

t  Newliind's  "Law  of  Octaves,"  Chemical  News,  vol.  xiii.  p.  113. 
Odlinfj,  '  Lectures,'  passim.  Mendclejeff,  Ann.  der  Chem.  und  Pharm. 
(Sii))plement)  vol.  viii.  p.  133.  Zacngerle,  Deut.  Chem.  Ges.  Ber.  vol.  iv. 
p.  .^.71. 
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The  well-known  numerical  relationships  between  the  combi- 
ning numbers  of  allied  elements  [e.  (j.  Li  +  K  =  2Na,  Kh-Cs  = 
2Rb,  Cl  +  I  =  2Br,  P  +  Sb  =  2As,  &c.)  and  the  regular  progres- 
sion in  physical  and  chemical  properties  observable  in  members 
of  the  same  family  according  as  their  combining  numbers  are 
higher  [e.  g.  CI,  gas ;  Br,  liquid ;  I,  solid ;  Mg,  Ca,  Sr,  Ba  :  N, 
P,  V,  As,  Sb,  Bi  :  &c.)  ai'e  either  consequences  of,  or  closely 
related  to,  these  "  periodic  laws/' 

17.  Chemical  reactions  may  be  expressed  by  equations  when 
one  or  more  formulae  occur  on  each  side  of  the  sign  of  equality; 
the  most  general  form  in  which  such  equations  may  be  put  is 

AB-f-CD  =  AC+BD, 
where  A,  B,  C,  D  represent  portions  of  formulse  which  are  asso- 
ciated together  differently  in  the  resultnig  products  from  what 
they  are  in  the  generators. 

If  AE,  CD,  AC,  BD  are  the  formulse  of  two  generators  and 
two  products  respectively,  the  reaction  is  said  to  be  one  of  double 
decomposition;  and  to  the  portions  of  formula  A,  B,  C,  D  the 
terms  Groups  or  Radicals  are  applied.     Thus  the  equations 

CH^+CP  =  CIH-fCH^CI,  ...  (1) 
OH^  +  PCF  =2C1H  +  ?C13  0,  ...  (2) 
NH3-f-CHC13  =  3ClH  +  NCH     ....     (3) 

represent  double  decompositions ;  and  on  inspecting  them  it  is 
noticeable  that  the  formulae  of  the  resulting  products  may  be 
deduced  from  those  of  the  generators  by  replacing  certain  sym- 
bols in  one  generator  by  certain  others  in  the  other  generator, 
i.  e.  substituting  one  group  for  another.  Thus  in  equation  (1) 
the  symbol  CI  is  substituted  for  H  in  the  formula  CH'',  produ- 
cing CH^Cl;  or  the  group  or  radical  CH^  is  replaced  by  CI, 
forming  CIH  ;  while  CI  is  replaced  in  Cl^  by  H,  forming  CIH ; 
or  the  radical  CH^  is  substituted  for  CI  in  Cl^,  producing  CH^Cl. 

Similarly  in  equation  (2),  PCP  replaces  H^  in  H^O,  forming 
PCl^O;  and  Cl^  replaces  0  in  H^  0,  forming  H^Cl^  or  2HC1; 
or  otherwise,  0  replaces  Cl^  in  PCP,  forming  PCP  0 ;  while  H^ 
replaces  PCP,  forming  H^Cl^  or  2HC1. 

Again  in  equation  (3),  N  replaces  CF  in  CH  CF,  producing 
CHN;  or  W  replaces  CH,  formmgH^CPor  3HC1;  while  CH 
replaces  H^  in  NH^,  forming  NCH;  or  CF  replaces  N,  produ- 
cing CFH^  or  3  CIH. 

A  radical,  therefore,  is  one  or  more  symbols  and  suffixes 
transferable  from  one  formula  to  another,  the  process  indicated 
by  such  transfer  being  a  given  chemical  change  or  reaction ; 
hence  the  employment  of  the  word  radical  necessarily  involves 
the  idea  of  a  reaction.  The  term  combining  number  is  applied 
to  a  radical  to  indicate  the  sum  obtained  by  multiplying  the 
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combining  number  of  each  elementary  symbol  in  the  radical  by 
its  suffix  and  adding  together  the  products  :  tlius  the  combining 
number  of  CIP  is  12  +  3x1=15;  of  PCl^  31+3x35-5  = 
137'5;  of  CH,  12  +  1  =  13,  and  so  on.  When  it  is  said  that 
13  parts  of  the  radical  CH  replace  1-i  parts  of  nitrogen,  or  that 
16  of  oxygen  are  replaced  by  71  of  chlorine,  or  that  137*5  parts 
of  the  radical  PCP  replace  2  of  hydrogen,  or  that  35*5  of  CI  re- 
place 1  of  hydrogen,  reference  is  made  to  the  existence  of  such 
chemical  reactions  as  are  represented  symbolically  by  the  equa- 
tions (1),  (2),  (3)  above. 

18.  From  the  comparison  of  such  reactions  as  those  repre- 
sented above,  it  is  found  that  35*5  parts  of  chlorine  ahvays  are 
replaced  by,  or  are  substituted  for,  1  part  of  hydrogen;  that  16 
of  oxygen  replace  71  of  chlorine  or  2  of  hydrogen,  and  so  on. 
This  is  expressed  by  saying  that  35*5  parts  of  chlorine  are  equi- 
valent to  1  of  hydrogen  ;  that  16  parts  of  oxygen  are  equivalent 
to  71  of  chlorine  or  to  2  of  hydrogen,  i.  e.  that  8  of  oxygen  are 
equivalent  to  35 "5  of  chlorine  or  to  1  of  hydrogen,  and  so  on. 

1,  8,  and  35'5j  . . .  are  then  said  to  be  the  equivalents  of  hy- 

13 
drogen,  oxygen,  and  chlorine  respectively ;  similarly  —  is  the 

o 

1375 
equivalent  of  the  radical  CH  in  the  equation  (3) ;  — ^ —  of  the 

radical  PCI'  in  equation  (2,. 

In  a  number  of  instances  the  following  physical  law  is  found 
to  hold  : — the  passage  of  a  given  quantity  of  electricity  through  an 
electrolyte  causes  the  evolution  of  equivalent  quantities  of  the  radi- 
cals into  which  it  decomposes  the  electrolyte,  no  manner  what  he 
tlie  nature  of  the  electrolyte.  Thus  if  a  given  quantity  ol  elec- 
tricity evolve  1  part  of  hydrogen,  it  v.ould  evolve  8  of  oxygen, 
35"5  of  chlorine,  and  soon,  if  made  to  electrolyze  compounds  of 
those  elements  respectively. 

19.  In  some  instances  the  following  rule  holds, — that  the  heat 
evolved  by  the  action  of  a  given  weight  of  a  substance  on  equivalent 
quantities  of  analogous  bodies  is  approximately  constant ;  thus 
almost  exactly  the  same  amount  of  heat  is  produced  by  the  action 
of  a  giveirweight  of  sulphuric  acid  on  equivalent  quantities  of 
each  of  the  hydrates  of  potassium,  sodmm,  lithium,  thallium, 
barium,  calcium,  strontium,  and  magnesium*. 

20.  In  other  instances  it  is  noticeable  that  the  greater  the 
amount  of  heat  given  out  in  any  number  of  a  series  ot  analogous 
reactions  involving  equivalent  quantities  of  the  substances  used, 
the  more  stable  is  the  resulting  product ;  thus  equivalent  quan- 
tities of  potassium,  zinc,  copper,  and  mercury  evolve  the  fol- 
lowing numbers    of  calories  when  they   unite  with   1    part  of 

•  Tbomsen,  Deut.  Chem.  Ges.  Ber.  vol.  iv.  p.  SO;-, 
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chlorine  : — 

Potassium    .     .     .  =2943 

Zinc =1427 

Copper  .     .     .     .  =   859 

Mercury       .     .      .  =   822 

Accordingly  metallic  copper  precipitates  mercury  from  its  chlo- 
ride, forming  copper  chloride;  zinc  decomposes  this,  precipita- 
ting the  copper  just  dissolved  and  forming  zinc  chloride,  which 
in  its  turn  is  capable  of  decomposition  by  potassium. 

In  cases  where  equivalent  quantities  of  ditferent  substances 
produce  approximately  the  same  amounts  of  heat  by  union  with 
a  given  weight  of  some  other  body,  it  is  often  noticeable  that 
noueof  the  lirst  substances  will  decompose  a  compound  of  one  of 
them  and  the  other  body;  thus  35'5  grammes  of  chlorine 
by  combination  with  32  of  zinc  evolve  50296  calories 
„  „  28  „  iron     „       49651       „ 

or  approximately  the  same.  Accordingly  it  is  found  that  metallic 
zinc  has  no  action  on  ferrous  chlorule,  and  that  metallic  iron  has 
no  action  on  zinc  chloride. 

Similarly  O^in  uniting  with  F^  evolves  265770  calories 
while         IP  „  0^       „      271048       „ 

Experiment  shows  that  by  passing  steam  over  red-hot  iron,  or 
hydrogen  over  red-hot  magnetic  iron  oxide,  the  reciprocal  reac- 
tions 

iV      -h4H^0  =  4H-^    -l-Fe^O^ 

re3  04-^4H-2     =4H«0-fFe3 

take  place  according  to  circumstances.  The  effect  which  the 
ditferent  physical  properties  of  bodies  have  in  inducing  reactions 
is  well  exemplified  in  the  decomposition  of  potassium  sulphate 
by  barium  hydrate ;  the  production  of  the  insoluble  barium  sul- 
phate gives  rise  to  the  evolution  of  a  further  quantity  of  heat, 
i,  e.  the  latent  heat  of  barium  sulphate  ;  and  hence  the  reaction 
ensues,  although  no  action  might  be  anticipated,  as  barium  hy- 
drate and  potassium  hydrate  evolve  equal  numbers  of  calories 
with  a  given  quantity  of  sulphuric  acid,  so  far  as  the  heat  of  the 
reaction  alone  is  concerned. 

21.  A  radical  being  the  name  given  to  an  assemblage  of  sym- 
bols (one  or  more)  that  occurs  in  the  formula  of  each  of  two 
substances  derivable  from  one  another  by  double  decomposition, 
the  term  Valency  is  applied  to  the  radical,  to  indicate  the  quotient 
obtained  by  dividing  the  combining  number  of  the  radical  by 
its  equivalent  in  the  particular  reaction  in  question,  i.  e.  to  in- 
dicate the  number  of  grammes  of  hydrogen,  or of  the 

355 
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number  of  grammes  of  chlorine  'which  the  combining  number 
of  grammes  of  the  radical  can  directly  or  indirectly  replace. 
Thus  0  in  PCF  0  is  Bivalent,  its  equivalent  in  the  reaction 

PCP  +  H2  0  =  2HC1  +  PCF  0, 

being  8 ;  and  —  =2. 
o 

CH  is  Trivalent  in  NCH  because  it  replaces  IP  in  NH^. 

Similarly  C  is  said  to  be  Quadrivalent  in  Cli^,  this  compound 

being  viewed  as  formed  by  the  reaction 

where  C  replaces  H^  in  4H^;  and  P  is  said  to  be  Quinquivalent, 
in  PCP,  this  compound  being  producible  by  the  reaction 

5CP  +  P2  =  PC1HPCR 
22.  The  same  symbol  or  aggregation  of  symbols  is  sometimes 
found  to  exhibit  different  valencies  in  different  compounds  :  in 
most  instances,  however,  the  alteration  in  valency  occurs  by  even 
differences ;  i.  e.  a  radical  is  always  either  an  Artiad  or  a  Perissad 
(OdHng). 

In  the  formulae  of  non -volatile  bodies,  apparent  exceptions  can 
always  be  made  to  conform  to  the  rule  by  employing  a  higher 
formula ;  in  the  case  of  the  few  volatile  bodies  which  apparently 
do  not  conform  to  this  rule,  dissociation  may  in  some  instances 
be  supposed  to  occur,  so  that  the  irregular  formula  is  perhaps 
incorrect. 


ro 

1 

II 

2 
3 

oii-^ 

c  • 

4 

OAg^ 

■« 

b 

> 

6 

7 
18 

"iH 

ICP 

lO^(OH)? 

Hg 
ligF 

Pt 
PtCP 

pt(5i' 
ptk^ci^ 

CO 
CH« 

C»H' 

Fe^'ci* 
Fe='"cP 

SIF 

SI(C^  H»)' 

N(OAg) 

NO 

Ts"H3 

NO^ 

NH*  CI 

N(CH^)'*CF  I 


VCP 
VOCP 


WCl" 
WC 


In  the  above  examples  it  is  noticeable  that  the  valency  of  the 
symbols  O,  S,  I,  Hg,  Pt,  C,  C^,  IV  always  alters  by  an  even 
number.  The  syoibols  N,  V,  AY  are  exceptions  to  this  rule ; 
in  the  case  of  nitrogen,  however,  there  is  experimental  proof 
that  the  vapour  which  yields  the  formula  NO^  cither  has 
dissociated,  or  has  undergone  some  change  analogous  to  disso- 
ciation, inasmuch  as  the  vajjour  when  examined  under  different 
conditions  of  pressure  and  temperatin-e  is  found  to  indicate  the 
formula  N''^  0''*.     It  might  be  supposed  that  nitric  oxide  has 


Pluyfiiir  iiiul  Wauklyn,  Clicm.  Soc.  Jouni.  [1]  vol.  xv.  p.  156. 
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similarly  the  true  formula  N^  0^,  the  gas  as  usually  met  with 
being  in  this  quasi-dissociated  condition.  The  existence  of  the 
chlorides  and  oxychlorides  &c.  of  vanadium  and  wolfram,  recently 
investigated  by  Roscoe*,  however,  shows  that  dissociation  can- 
not be  considered  to  take  place  in  all  the  apparent  exceptions  to 
this  very  general  rule. 

23.  Observation  shows  that  the  following  rule  applies  to  all 
formulae  with  extremely  few  exceptions : — If  the  suffix  of  each 
symbol  in  the  formula  be  multiplied  by  the  valency  which  the 
symbol  exhibits  in  the  majority  of  its  compounds  [e.  g.  2  for 
oxygen,  4  for  carbon),  the  sum  of  the  jjroducts  thus  obtained  is  an 
even  number ;  from  which  it  follows  that  the  sum  of  the  suffixes 
of  the  perissad  ^ijmbols  in  a  formula  is  always  an  even  number 
(Gerhardt's  'Law  of  Even  Numbers^). 

24.  Before  it  can  be  asserted  that  two  bodies  contain  a  com- 
mon radical,  a  reaction  must  be  found  whereby  one  of  them  is 
convertible  into  the  other ;  thus  water,  caustic  soda,  and  acetic 
acid  are  all  said  to  contain  the  radical  hydroxyl  (OH),  because 
of  the  reactions 

2H20        +2Na  =H2     +2NaOH, 

NaOH        +C2H3  0Cl=NaCH-C2H3  0.0H, 

C^H^OCl  +  H^O  =HC1  +C2H3  0.0H, 

and  not  because  the  formulae  H^O,  NaOH,  C^H^'O^  all  contain 
the  symbols  0  and  H.  Conversely  C^  H'*  0  (aldehyde)  is  said 
not  to  jjpntain  hydroxyl  (although  the  symbols  0  and  H  are  pre- 
sent in  the  formula),  because  no  reaction  of  this  kind  is  known. 

Reactions  such  as  the  above  are  alluded  to  and  expressed  by 
dividing  the  formula  of  each  generating  substance  into  two  por- 
tions or  radicals,  which  are  separated  from  one  another  by  dots, 
lines,  parentheses,  &c.  Thus  the  action  of  acetyl  chloride  on 
alcohol,  producing  hydrogen  chloride  and  acetic  ether,  is  repre- 
sented equationally  thus  : — 

C^H^O.Cl  +  C^H^OH      =H.C1  +  C^H^O.O.C^H^ 

(C2H3  0)C1  +(C2H^)0H       =HC1     +(C^H3  0)0(C2H^), 

C-2  IPO— CI  +  C^H^— 0— H  =  H— Cl  +  C^H^O— 0— C^H^ 

CI  J      ^C^H^J  "CiJ+C^H^     J^' 

and  these  reactions  (and  others  of  similar  character)  are  referred 
to  when  it  is  said  that  acetic  ether  has  the  Dissected  Formula 
C^  H^  0— 0— C2  H^ 
When  several  reactions  of  the  same  substance  are  compared, 

*  Phil,  Trans.  1868  aucl  1869;  Chem.  News,  vol.  xxv.  p.  61. 
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it  is  frequently  noticed  that  the  formula  is  dissected  in  different 
ways  in  accordance  with  different  reactions.  Usually  all  these 
ways  may  be  expressed  in  one  single  formula  by  carrying  the  dis- 
section so  far  as  to  break  up  the  formula  into  several  groups,  of 
which  fewer  or  more  are  taken  together  to  form  the  particular 
radical  required  in  any  given  reaction.  Thus  the  action  of  acetyl 
chloride  on  water  gives  rise  to  the  dissected  formula  C^  H^O.OH 
for  acetic  acid  ;  the  production  of  this  acid  from  methyl  cyanide 
gives  rise  to  the  differently  dissected  formula  Cli^  .  CO^  H  ;  both 
of  these  reactions,  however,  can  be  expressed  by  carrying  the 
dissection  to  this  point  CH^  .  CO  .  OIL  It  is  usually  found  that 
formulpe  thus  dissected  into  very  simple  groups  are  capable  of 
expressing  all  the  reactions  of  the  body  in  question;  thus  the 
formula  Cli^ .  CO  .  OH  expresses  not  only  the  above  two  re- 
actionSj  but  also  the  following, 

C^'H^OH  +  O^  =H2  0  +  C2H3  0.0H, 

CH3.C0.0H  =C02  +  CH3.H, 

CH^— CO— OH  +  CH^— CO— OH  =  CO  (OH)^  +  CH^— CO— CH^, 
CH3— CO— OH  +  H— CO-OH     =C0  (0H)2  +  H— CO— CH^ 

&c. ;  i.e.  all  reactions  lead  (usually)  to  the  same  final  dissection. 

25.  In  a  few  instances,  however,  it  is  found  that  different  re- 
actions lead  to  different  final  dissections.  Thus  the  reactions  of 
ethylene  dibromide  and  of  glycol  lead  to  the  dissected  formula 
for 'the  latter  OH— CIP— CH^— OH  ;  the  reactions  of  aldehyde 
lead  to  the  formula  CH^ — CO — H.  When  glycol  is  dehydrated 
by  zinc  chloride,  aldehyde  is  produced ;  and  this  would  lead  to 
the  formula  for  glycol,  CH^— CH  (OH)^. 

Similarly  the  reactions, 

Glycol  iodhydrin  and  zinc  methyl  =  zinc  iodomethidc  and 

iso|)ropyl  alcohol, 
Ethylidene  dichloride  and  potassium  cyanide,  product  with 

caustic  potash  gives  ordinary  succinic  acid, 
Trimcthyl  carbinol  and  oxygen  give  water  and  isobutyric 
acid, 
indicate  the  dissected  formulae  of  the  first-named  generators  to 
be  respectively 

Cn»— CHI— OH  :  CI— CII— ^CIP— CI :  OH— CH^— CH(CH3)^ 

instead  of 

I_CH2— CIP— OH,     CIP— CIICIS     OH— C(CIP)3, 

these  latter  fornnila^  being  those  derived  from  the  majority  of 
the  reactions  of  these  bodies. 

Cases  of  this  kind  are,  comparatively  speaking,  so  rare  as  not 
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sensibly  to  detract  from  the  extreme  usefulness  of  dissected  for- 
mulae as  deduced  from  and  briefly  representing  a  large  number 
of  generalizations,  laws,  and  reactions,  as  "  meinoria  technica  " 
recalling  the  essential  chemical  differences  exhibited  between 
isomeric  substances  and  the  analogies  between  bodies  of  the  same 
classes,  and,  in  fine,  as  representing  in  extremely  small  compass, 
and  calling  to  mind,  all  the  salient  points  of  chemical  philosophy 
generally. 

26.  The  relations  of  the  atomic  hypothesis  to  the  facts  previ- 
ously mentioned  as  summed  up  in,  and  I'eferred  to  by,  the  sym- 
bolic expressions  termed  dissected  formulce  may  be  briefly  stated 
thus  : — 

The  atomic  hypothesis  supposes  that  the  forces  known  to  us 
at  present  are  incapable  of  carrying  the  mechanical  or  chemical 
divisions  of  elementary  matter  beyond  a  certain  limit — that  in 
the  case  of  all  elementary  substances  small  portions,  indivisible 
by  these  forces,  exist,  these  portions  being  accordingly  termed 
atoms  :  by  the  union  together  of  these  primary  atoms  compound 
groups  of  atoms  termed  molecules  are  formed,  which  molecules, 
as  a  rule,  do  not  consist  of  any  large  number  of  component 
atoms.  The  relative  weights  of  the  ultimate  elementary  atoms 
are  denoted  by  the  combining  numbers  of  the  elements,  hence 
termed  atomic  weights',  thus  the  atom  of  carbon  is  12  times  ns 
heavy  as  that  of  hydrogen,  that  of  oxygen  16  times  as  heavy, 
and  so  on. 

Homogeneous  compounds  consist  of  a  large  number  of  pre- 
cisely sii^iilar  molecules,  and  hence  must  always  exhibit  the  same 
composition. 

The  assumption  known  as  Avogadro^s  law  is  made,  that  equal 
bulks  of  all  homogeneous  gases  and  vapours  contain,  when  mea- 
sured under  the  same  circumstances  as  to  temperature  and  pres- 
sure, the  same  number  of  molecules.  From  this  it  follows  that 
the  formula  of  bodies,  as  previously  defined,  express  the  relative 
numbers  of  the  different  kinds  of  atoms  present  in  the  mole- 
cules. It  does  not  necessarily  follow  that  the  values  of  the  suf- 
fixes applied  to  the  symbols  in  a  formula  express  the  absolute 
numbers  of  the  atoms  of  each  kind  present :  thus  a  molecule  of 
water  contains  twice  as  many  atoms  of  hydrogen  as  it  does  of 
of  oxygen ;  but  whether  2  or  2n  atoms  of  hydrogen  are  present, 
is  not  known.  The  assumption  is,  however,  made  that  the  suf- 
fixes express  the  absolute  numbers  of  atoms  of  each  kind  present. 
Hence  a  simple  explanation  is  given  of  the  observed  fact  termed 
the  Law  of  Multiple  Proportions :  the  compounds  hydrochloric 
acid,  water,  ammonia,  and  marsh-gas  consist  of  molecules  con- 
taining respectively  1,  2,  3,  and  4  atoms  of  hydrogen  united  with 
1  atom  of  chlorine,  oxygen,  nitrogen,  and  carbon  respeccively. 
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Hence  the  formula  of  a  compound  expresses  the  natui'c  and 
number  of  the  constituent  atoms  present  in  a  molecule  of  the 
substance. 

27.  This  hypothesis  docs  not  explain  why  a  molecule  of  free 
mercury  should  consist  of  but  1  atom,  while  the  molecule  of 
oxygen  (which  is  also  a  bivalent  element)  contains  2  atoms; 
nor  why  a  molecule  of  phosphorus  should  contain  4,  and  one  of 
sulphur  at  low  temperatures  6 ;  but  it  enables  us  to  explain  the 
allotropy  of  the  elements  by  the  assumption  that  the  molecules 
of  the  different  modifications  are  made  up  of  different  numbers 
of  constituent  atoms  (thus  the  molecule  of  gaseous  oxygen  con- 
tains 2  atoms,  of  ozone  3,  of  sulphur  at  low  temperatures  6 
atoms,  at  higher  temperatures  2  atoms),  and  therefore  allows  of 
the  inference  being  drawn  that  under  different  conditions  of 
pressure  and  temperature  phosphorus  vapour  might  contain 
only  2  atoms,  or  even  1  atom  in  the  molecule,  or  mercury  vapour 
2  or  4  atoms  to  the  molecule. 

28.  The  phenomena  of  dissociation  are  to  some  extent  ac- 
counted for  by  the  atomic  hypothesis ;  the  atoms  in  a  molecule 
are  held  together  by  certain  forces,  which  are  altered  in  character 
by  variation  of  temperature;  at  some  given  temperature  the 
molecule  is  in  a  state  of  unstable  equilibrium ;  and  at  a  higher 
temperature  the  component  atoms  alter  their  mutual  relations, 
taking  up  more  stable  positions.  The  observed  facts  that  dis- 
sociation always  causes  a  molecule  to  form  less  complex  mole- 
cules, that  atomic  weight  and  specific  heat  of  elements  are  in- 
versely proportional,  that  compounds  are  more  stable  according 
as  more  heat  is  evolved  in  their  production,  and  that  the  boil- 
ing-points and  melting-points  are  usually  higher  the  more  com- 
plex the  formula,  indicate  the  existence  of  some  general  law  con- 
necting together  the  mutual  relations  of  atoms  in  a  molecule  and 
the  effects  of  the  force  termed  heat  upon  them, — a  conclusion 
strengthened  by  the  analogous  connexions  between  electricity 
and  equivalents,  specific  refractive  energy  and  formula?,  specific 
gravity  and  formula?,  crystalline  shape  and  formula?,  which  ap- 
pear to  indicate  analogous  laws  with  respect  to  other  forms  of 
force. 

The  atomic  hypothesis  alone  docs  not  account  for  these  ob- 
served facts;  it  only  colligates  them  together  and  allows  of 
their  being  expressed  in  concise  ])hraseology  :  thus  the  law  of 
isomorphism  may  be  stated  in  the  language  of  the  atomic  hy- 
pothesis thus  : — The  same  numbers  of  atoms  similarly  arranged 
will  give  rise  to  the  same  crystalline  form.  In  order  io  ea-p lain 
the  facts,  ass\nnptions  other  than  the  primary  one  as  to  the 
existence  of  atoms  nuist  be  nuide ;  thus,  to  exphiin  Dulong  and 
Petit's  law,  the  assumption  must  be  made  that  the  effect  of  a 
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given  quantity  of  heat  in  raising  the  temperature  of  a  solid  mass 
containing  a  given  number  of  elementary  atoms  all  of  the  same 
kind  is  independent  of  the  nature  of  the  atoms.  Apart  from  the 
cireumstance  that  this  assumption  is  not  true  {e.  g.y  silicon,  car- 
bon, and  boron),  it  affords  no  " raison  d'etre"  for  the  fact,  it 
gives  no  clue  to  the  cause. 

29.  The  atomic  hypothesis  gives  no  clue  to  the  explanation  of 
the  remarkable  approximate  relationships  existing  between  the 
numerical  values  of  the  atomic  weights,  nor  to  the  remarkable 
sequence  in  which  those  elements  at  present  known  follow  each 
other.  Exact  experiment  (Stas)  disproves  the  possibility  of  all 
elementary  matter  being  the  same,  and  of  our  so-called  elements 
being  simply  variable  numbers  of  primary  atoms  united  together 
(?'.  e.  allotropic  modifications)  ;  for  if  so,  a  common  divisor  of  all 
the  atomic  weights  would  exist.  This  does  not  seem  to  be  the 
case  even  in  members  of  the  same  family. 

30.  The  facts  referred  to  by  the  terms  equivalency,  valency, 
radical,  replacement,  are  in  perfect  harmony  with  the  atomic  hy- 
pothesis, if  this  be  slightly  extended  by  the  definition  that  the 
power  of  iiniun  together  of  atoms  to  form  a  molecule  is  said  to  be 
due  to  their  possession  of  combining  affinities  (Verwandtschaftsem- 
heiten)  ivhich  mutualh/  saturate  one  another,  univalent  atoms 
being  such  as  ordinarily  exhibit  but  one  such  affinity,  bivalent 
ones  two,  trivalent  three,  quadrivalent /oi/r,  and  so  on. 

A  consequence  of  this  definition  might  be  that  the  n  afiinities 
of  a  multi^lent  atom  might  not  be  all  of  equal  character,  and 
thus  that  two  or  more  isomeric  ternary  compounds  might  be 
produced  by  the  union  of  two  atoms  of  lower  valency  with  an 
atom  of  higher  valency,  according  to  the  affinities  which  were 
saturated  by  the  first  two  respectively.  Thus  the  atom  of  oxygen 
possesses  two  affinities,  each  saturated  by  one  affinity  of  an  atom 
of  univalent  hydrogen  in  the  molecule  water.  If,  however,  one 
affinity  were  saturated  with  hydrogen  and  the  other  with  chlo- 
rine, two  isomeric  hypochlorous  acids  might  exist  differing  in 
that  the  affinity  which  is  saturated  by  hydrogen  in  the  one  is 
saturated  by  chlorine  in  the  other,  and  vice  vrrsd.  Similarly 
four  methyl  chlorides  might  exist,  according  as  the  chlorine 
atom  saturated  the  1st,  2nd,  3rd,  or  4th  affinity  of  the  quadri- 
valent carbon  atoms.  No  satisfactory  evidence  of  such  differ- 
ence of  affinity-value  has  yet  been  obtained,  several  such  sup- 
posed cases  having  disappeared  on  closer  examination. 

31.  A  radical,  then,  is  a  portion  of  a  molecule,  a  group  of 
atoms,  the  affinities  of  which  do  not  wholly  saturate  one  ano- 
ther, the  radical  being  uui-,  bi-,  tri-,  quadri-,  &c.  valent,  accord- 
ing as  1,  2,  3,  4,  ...  .  affinities  are  left  unsaturated.  Quoad 
the  series  of  bodies  into  the  formulse  of  each  of  ^Yhich  the  radical 
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enters,  this  group  of  atoms  is  indivisible,  and  to  it  tlicrefore 
the  term  atom  may  be  extended^  although  of  course  in  strictness 
of  speech  the  term  thus  applied  is  a  misnomer.  Thus  water, 
acetic  acid,  and  caustic  soda  may  be  regarded  as  produced  by 
the  union  of  an  atom  of  hydroxyl  (OH)  with  one  of  hydrogen, 
acetyl  (C-  IP  0),  and  sodium  respectively.  The  term  replace- 
ment thus  acquires  a  grammatically  exact  application,  one  or  more 
atoms  of  one  kind  being  removed  from  a  molecule  and  their 
places  filled  up  by  others.  The  atomic  weight  or  combining 
number  of  a  radical  (compound  atom)  is  therefore  the  sum  of  the 
■weights  of  its  component  elementary  atoms ;  and  its  equivalent 
is  the  atomic  weight  divided  by  the  number  of  unsaturated  affi- 
nities wliicli  it  exhibits  in  the  reaction  in  question. 

32.  Changes  in  valency  are  thus  readily  explainable  by  as- 
suming that  one  or  more  pairs  of  affinities  either  mutually 
saturate  each  other  or  cease  to  do  so.  Thus  the  atom  of  free 
mercury  (identical  with  the  molecule)  exhibits  no  valency  ;  but 
when  combined  with  chlorine,  bivalency ;  the  two  affinities  ex- 
hibited in  the  chloride  have  therefore  saturated  one  another  in 
the  free  metal.  Carbon  is  quadrivalent ;  two  carbon  atoms  may 
unite  by  mutually  saturating  1,  2,  or  3  pairs  of  affinities,  thus 
giving  rise  to  a  radical  C^,  which  may  be  sexi-,  quadri-,  or  bi- 
valent accordingly:  thus,  CM1°,  C'^'H'',  C"^  H^.  Hence  the 
observed  fact  that  changes  in  valency  almost  invariably  proceed 
Ly  even  numbers  is  readily  explainable ;  so  also  Gerhardt's  law  of 
even  numbers. 

Those  few  cases  where  valency  does  not  differ  by  even  num- 
bers {e.  g.  the  oxides  of  nitrogen  not  considered  to  be  dissociated, 
the  chlorides,  oxychlorides,  &e.  of  vanadium  and  tungsten,  &c.) 
require  the  assumption  that  single  affinities  can  sometimes  re- 
main, as  it  were,  latent :  the  precise  meaning  of  this  phrase 
depends  on  the  view  taken  of  the  nature  of  these  affinities;  but 
as  it  can  hardly  be  doubted  that  they  represent  the  action  of  a 
force  of  some  kind,  their  exertion  or  transference  being  always 
connected  with  the  manifestation  or  absorption  of  force  of  some 
kind,  the  anomalous  result  is  arrived  at  that  an  atom  is  capable 
of  exerting  ordinarily  certain  forces  which  at  other  times  it 
does  not  exert, — a  proposition  somewhat  of  the  same  nature  as 
this,  that  a  given  substance  should  sometimes  weigh  5  lbs.  and 
sometimes  only  4<  lbs. 

33.  The  dissected  formula  of  a  compound  hence  represents, 
on  the  atomic  hypothesis,  not  merely  the  existence  of  certain 
reactions,  but  also  certain  connexions  and  relationships  between 
particular  groups  of  the  constituent  atoms.  Of  course  the  for- 
mula (.'11''^ — CO — Oil  docs  not  ri'prescnt  in  sjiace  the  relative 
positions  of  the  compound  atoms;  it  bears  to  the  true  position 
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about  the  same  relationship  as  the  set  of  symbols 

does  to  the  position  of  the  sun  and  planets  at  any  given  instant, 
the  initial  letters  representing  the  planets,  the  order  of  writing 
the  order  of  magnitude  of  their  orbits,  and  the  suffixes  the  num- 
ber of  their  moons. 

34.  The  observed  fact  that  the  dissected  formula  of  a  com- 
pound deduced  from  the  majority  of  its  reactions  does  not  ne- 
cessarily express  all  the  reactions  of  this  body  meets  with  a  ready 
explanation  by  the  atomic  hypothesis;  of  all  the  possible  ways  in 
which  a  given  number  of  atoms  can  be  connected  together  under 
the  influence  of  certain  forces,  some  must  be  more  stable  than 
others.  At  the  moment  of  the  breaking  up  or  other  alteration 
of  a  molecule  whose  component  atoms  are  not  arranged  in  the 
most  stable  position  with  respect  to  the  particular  set  of  forces 
then  acting  on  them,  there  must  be  a  tendency  for  the  atoms  to 
alter  their  original  position  for  more  stable  arrangements,  which 
will  therefore  be  produced  to  a  greater  or  less  extent  for  the  in- 
stant ;  hence  the  end  products  of  the  reaction  will  be  to  a  greater 
or  less  extent  those  which  would  have  been  formed  had  the  original 
substance  been  not  what  it  was,  but  a  mixture  of  the  isomerides 
containing  the  atoms  in  these  more  stable  positions. 

35.  In  the  foregoing  pages  the  attempt  has  been  made  to  esta- 
blish the  following  points. 

(1)  Symbolic  representations  having  no  connexion  with  any 
theory  whatever  may  be  employed  to  designate  and  refer  to  a 
large  number  of  experimental  laws  and  generalizations. 

(2)  A  certain  view  of  the  constitution  of  matter  is  capable  of 
affording  a  raison  d'etre  for  several,  but  not  all,  of  these  laws  and 
generalizations. 

It  is  instructive  to  compare  these  views  with  the  ideas  of  other 
chemists  on  this  subject.  Thus  Gerhardt  *  says,  '^  Les  formules 
chimiques  .  .  .  .  ne  sont  pas  destinees  i\  representor  I'arrange- 
ment  des  atomes,  mais  elles  ont  pour  but  de  rendre  evidentes, 
de  la  maniere  la  plus  simple  et  la  plus  exacte,  les  relations  qui 
rattachent  les  corps  entre  eux  sous  le  rapport  des  transforma- 
tions.''^ Reasoning  further  on  this.  Sir  Benjamin  Brodief  has  ela- 
borated a  "  method  for  the  investigation,  by  means  of  symbols, 
of  the  laws  of  the  distribution  of  weight  in  chemical  change,^' 
wherein  the  truth  of  the  tirst  of  the  above  two  propositions  is 
abundantly  proved,  and  that  of  the  second  admitted.  The  di- 
stinguished author,  however,  is  of  opinion  that  ordinary  sym- 
bols (atomic  symbols),  when  used  for  the  construction  of  a  for- 

*  Chimie  Organique  (Paris,  1856),  t.  iv.  p.  566. 
t  Phil.  Trans.  1866. 
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mula,  "  not  only  permit,  but  even  compel  us  to  regard  it  from  the 
atomic  point  of  view.  We  cannot  adopt  the  atomic  symbol  and 
at  the  same  time  declare  ourselves  free  from  the  atomic  doctrine." 
The  attempt  has  been  made  above  to  show  that  the  ordinary 
sj'mbols  do  not  necessarily  involve  the  atomic  hypothesis  at  all 
— that,  by  suitably  choosing  definitions,  the  symbol  may  be  em- 
ployed and  yet  the  niiud  of  the  chemist  be  free  from  the  atomic 
doctrine. 

Wurtz*  defines  an  atom  as  ''la  plus  petite  quantite  d'un  element 
qui  ])uisse  exister  dans  un  corps  compose  comme  masse  indivisible 
par  Ics  forces  chimiqucs  ;  "  a  molecule  "  est  un  groupe  d^atomes 
formunt  la  plus  ])etite  quantite  d'un  corps  simple  ou  compose,  qui 
puisse  exister  h  Fetat  libre,  entrer  dans  uue  reaction,  ou  en  sortir." 
These  definitions,  v/liich  are  now  all  but  universally  accepted, 
have  the  inconvenience  of  allowing  the  term  "  atom  "  to  be  em- 
ployed in  a  twofold  sense,  which  leads  to  some  misapprehension. 
In  one  sense  the  atom  is  a  finite  portion  of  matter  of  given 
weight,  and  hence  possessed  of  dimensions  in  space,  mass,  and 
time  denoted  by  the  formula  LMT~^;  this  corresponds  to  the 
Daltonian  sense.  In  another  sense,  however,  the  atom  represents 
not  an  absolute  weight,  a  given  portion  of  matter,  but  a  proportion 
or  ratio,  i.  e.  a  pure  number  possessed  of  no  dimensions  in  space, 
mass,  or  time  :  thus  water  is  said  to  be  composed  of  tico  atoms 
of  hydrogen  and  one  atom  of  oxygen,  because  the  numerical 
ratio  of  the  weights  of  oxygen  and  hydrogen  in  a  given  quan- 
tity of  water  is  that  of  2  to  16;  while  in  certain  derivatives  from 
water  {e.  </.,  caustic  soda)  the  hydrogen  and  oxygen  are  found  to 
coexist  in  the  ratio  1  to  16,  which  is  expressed  by  saying  that  a 
molecule  of  this  substance  contains  but  one  hydrogen  atom  to 
one  oxygen  atom.  Using  the  term  in  this  latter  sense,  or  in 
one  akin  to  it,  Dr.  Williamsonf  states  that  the  "so-called 
law  of  multiple  proportions  has  no  existence  apart  from  the 
atomic  theory ;  those  who  adopt  it  seem  not  be  aware  that  they 
are  using  the  notion  of  atoms ;  or  else  they  are  shy  of  mentioning 
it ;"  and  again  that  "  when  one  of  those  who  profess  to  disbelieve 
in  the  atomic  theory  has  ascertained  by  analysis  the  percentage 
composition  of  a  compound,  and  wants  to  find  its  fornmla,  he 
divides  the  percentage  weight  of  cacli  element  by  its  atomic 
weight,  lie  seeks  for  the  suudlcst  integral  numbers  which  re- 
present the  proportions  of  atoms,  and  he  attributes  to  impurity 
of  his  sample,  or  to  error  of  analysis,  any  deviation  from  the 
atomic  formula  thus  obtained,  lie  looks  to  the  reactions  of  the 
body  lor  aid  in  constructing  his  atomic  formula,  and  controls 
his  analyses  by  considerations  derived  from  wcU-cstablishcd  rc- 

*  Lemons  de  PhUosopJiie  Chimique  (Paris,  IS64),  p.  39. 
t  C.  S.  J.  [2]  vol.  vii.  pp.  339,  340. 
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actions  ;  but  whenever  lie  is  led  by  any  of  these  considerations 
to  a  formula  which  contains  a  fraction  of  any  atomic  weight,  he 
takes  a  uiultii)lc  of  the  formula  sufficiently  high  to  be  entirely 
free  from  such  fractions.  In  no  case  does  he  reason  on  a  basis 
independent  of  the  atomic  theory/^ 

From  the  exposition  given  above,  and  employing  the  term 
atom  in  the  sense  ascribed  to  it  byDalton,  it  is  evident  that  the  law 
of  multiple  proportion  is  simply  the  statement  of  a  generaliza- 
tion first  made  gravimetrically  by  Dalton,  and  subsequently  ex- 
tended volumetrically  by'Laureut  and  Gerhardt,  viz.  that,  if  cer- 
tain numbers  be  attributed  to  each  element  respectively,  the 
quantitative  compositions  of  compounds  are  expressible  by  taking 
simple  multiples  of  these  numbers  and  comparing  the  products 
thus  obtained  :  these  numbers  being  in  the  ratios  of  simple  mul- 
tiples or  submultiples  of  the  vapour-densities  of  the  elements, 
the  volumetric  composition  of  compound  vapours  must  necessa- 
rily be  expressed  by  simple  integral  numbers — i.  e.  1  volume  of 
one  constituent  to  1  of  another,  1  to  3,  2  to  3,  &c.  This  ge- 
neralization is  not  identical  with  the  hypothesis  of  the  existence 
of  material  atoms,  advanced  to  account  for  the  facts  summed 
up  in  the  generalization ;  and  to  say  that  the  law  has  no  exist- 
ence apart  from  the  atomic  hypothesis  is  to  give  a  meaning  to 
the  term  atom  different  from  that  attributed  to  it  by  Dalton  *. 

Similarly  the  method  of  finding  the  formula  of  a  body  from 
its  percentage  composition  is  a  simple  deduction  from  Dalton^s 
generalization,  but  has  no  necessary  connexion  with  his  hypo- 
thesis. 

The  conclusions  to  be  drawn  from  the  foregoing  train  of 
thought  appear  to  be  as  follows  : — The  salient  facts  of  chemistry 
may  be  expressed  in  words,  and  more  or  less  completely  repre- 
sented and  referred  to  by  the  ordinary  symbols,  the  notion  of 
material  atoms  possessed  of  dimensions  in  space,  mass,  and  time 
being  in  no  way  involved  in  such  expressions  or  representations. 
This  notion  of  material  atoms  does  not  afford  an  adequate  expla- 
nation of  several  facts,  more  particularly  of  those  where  force  of 
some  kind  is  involved  as  a  necessary  elem^ent  of  the  point  in 
question ;  and,  moreover,  the  phraseology  of  the  hypothesis  of 
the  existence  of  such  atoms  is  employed  by  chemists  in  different 
senses,  in  some  cases  in  senses  involving  notions  the  contrary  of 

*  That  the  term  atom  is  not  used  by  Dr.  Williamson  in  the  same  sense 
as  that  ill  which  Ualton  employed  it,  is  evident  from  his  statement  {loc.  cit.) 
that  "  whether  elementary  atoms  are  iu  their  nature  indivisible  or  whether 
they  are  built  up  of  smaller  particles  is  a  question  upon  which  I,  as  a  chemist, 
have  no  hold  whatever ;  and  I  may  say  that  in  chemistry  the  question  is 
not  raised  by  any  evidence  whatever.  They  may  be  vortices  such  as  Thom- 
son has  spoken  of " 


2C4        I\I.  E.  Edlund's  Besearches  on  the  Electromotive 

those  introduced  by  the  pure  hypothesis  ;;<'rs(?.  Hence  the  final 
conchision  maybe  drawn  that,  the  hypothesis  being  at  once  un- 
necessary and  insufficient,  and  its  language  being  in  practice 
ambiguous,  it  is  desirable  that  in  expounding  the  science  of  che- 
mistry, whether  orally  or  in  text-books,  the  hypothesis  and  its 
language  should  not  be  made  to  occupy  the  prominent  and  fun- 
damental position  they  now  fill. 


XXXI.  Researches  on  the  Electromotive  Force  in  the  Contact  of 
Metals,  and  on  the  Modification  of  that  Force  by  Heat.     By  E. 

Edluni). 

[Concluded  from  p.  223.] 

§5. 

THE  metallic  combinations  the  electromotive  forces  of  which 
have  been  determined  in  the  preceding  pages,  were  further 
investigated  with  respect  to  their  thermoelectric  properties.  As, 
with  the  exception  of  the  platiuum-paUadium,  there  were  of  each 
combination  two  pairs  of  wires,  I  experimented  first  on  one  pair 
of  each  combination.  Having  investigated  all  these  pairs,  I 
passed  to  the  remaining  pairs,  for  the  double  j)urposc  of  control- 
ling the  former  determinations  and  of  ascertaining  whether  there 
were  in  the  pairs  of  the  same  combination  any  slight  differences 
from  each  other.  This  was  in  fact  the  case  with  some  of  them; 
and  these  were  submitted  to  a  new  trial,  eficcted  on  each  pair. 
The  experiments  were  made  in  the  following  manner : — Near 
the  point  of  soldering  I  bent  each  wire  at  a  right  angle,  so  that 
the  two  wires  were  parallel,  and  the  distance  between  them 
10  milhms.  The  point  of  soldering  was  in  the  middle  of  the 
elbow  which  united  them.  As  the  bismuth  wire  could  not  be 
bent,  the  co])per  wire  to  which  it  was  soldered  was  bent  twice  at 
a  right  angle  near  the  soldering,  which,  therefore,  was  near  the 
elbow  instead  of  in  the  middle  of  it.  The  wires  thus  prepared 
were  passed  through  the  cork  into  a  large  test-glass.  Through 
the  same  cork  a  very  sensitive  thermometer  was  so  ]i!aced  that 
its  little  cylindrical  bulb  rested  with  its  middle  against  the  point 
of  soldering.  The  test-glass  was  introduced  through  an  ajjcr- 
ture  in  the  centre  of  a  thin  wooden  lid  fitted  to  a  large  glass 
vessel  filled  with  cold  water.  In  order  that  the  warming  of  tiie 
water  by  the  air  of  the  room  nnght  be  very  slow,  the  glass  vessel 
was  surrounded  by  a  layer  of  cotton  wadding.  The  free  ends  of 
the  wires,  issuing  from  the  cork  in  a  vertical  direction,  having 
passed  thnmgli  the  bottom  of  a  small  wooden  box,  were  there 
united  by  small  screws  to  the  conducting  wires  of  tiie  magneto- 
meter. In  the  wooden  box  another  theiinometer,  exactly  resem- 
bling the  picteding,  was  placed  with  its  bulb  quite  close  to  the 
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points  of  union.  The  holes  in  the  bottom  of  the  box  and  in  its 
upper  surface  were  closed  with  cotton,  to  prevent  the  entrance  of 
the  external  air,  which  would  have  rapidly  altered  the  tempera- 
ture ;  this  was,  besides,  nearly  the  same  as  that  of  the  external 
air,  but  changed  more  slowly.  During  the  whole  of  the  ex- 
periments the  temperature  of  the  point  of  soldering  was  about 
+  10^.  To  investigate  the  galvanic  conductivity,  a  bobbin 
covered  with  copper  wire  had  been  ])laced  in  the  circuit.  A 
steel  magnet,  placed  in  the  coil,  had  sufficient  space  to  be  moved 
a  certain  distance.  The  inductive  force  thus  remaining  invari- 
able, the  deviations  of  the  magnetometer  obtained  through  the 
inductor  would  be  proportional  to  the  conducting-power.  A 
rheostat  had  also  been  placed  in  the  circuit ;  but  it  was  only 
required  for  the  bismuth-copper  combination,  as  the  latter  gave 
deviations  several  times  as  great  as  the  others.  The  magneto- 
meter, the  deviations  of  which  were  read  in  the  usual  manner 
(with  the  aid  of  a  telescope  and  a  scale),  had  a  perfectly  astatic 
system  of  needles,  so  that  the  earth's  magnetism  exerted  no  in- 
fluence upon  it.  The  necessary  directing  force  was  obtained  by 
suspending  the  system,  with  its  mirror,  from  a  thin  silver  wire, 
the  torsion-force  of  which  gave  to  the  system  a  determined  di- 
rection. This  mode  of  suspension  has  the  important  advantage 
of  being  totally  independent  of  the  variations  of  the  terrestrial 
magnetic  declination.  The  deviations  are  proportional  to  the 
intensity  of  the  current.  When  a  fresh  pair  of  wires  had  been 
introduced,  the  first  observation  was  not  taken  until  the  points 
of  contact  had  acquired  the  temperature  indicated  by  the  ther- 
mometer belonging  thereto,  after  which  the  observations  suc- 
ceeded one  another  at  short  intervals.  With  this  method  of 
observation,  there  was  perhaps  reason  to  fear  that  some  heat 
would  pass  from  the  warmest  to  the  coolest  parts  of  the  wires, 
and  that  consequently  the  points  of  contact  would  not  have  ex- 
actly the  temperature  indicated  by  the  thermometers,  the  indi- 
cations of  w  hich  depended  partly  also  on  the  heat  of  the  sur- 
rounding air.  In  order  to  see  if  this  was  the  case,  the  wires  of 
a  pair  of  combinations  were  joined  to  wires  of  the  same  sort,  so 
that  the  distance,  from  the  wooden  box  above  mentioned,  to  the 
cork  of  the  test-glass  was  more  than  doubled  ;  but  the  deviation 
remained  unaltered.  The  presumed  possibility  of  errors  in  this  re- 
spect had  therefore  no  existence.  In  the  results  of  experiments 
given  below,  all  the  observations  relating  to  the  same  combi- 
nation have  been  combined  into  a  single  group,  although  they 
may  not  have  been  made  at  the  same  time. 
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Copper-  Tin. 


Exp.  41 . 

No.  I. 

Difference  of 

temperature 

at 

Deviations  of  the 

the 

points  ( 

jf 

magnetometer. 

coutact. 

o 

8-7 

.      . 

350 

8-6 

,      , 

340 

8-4 

,      . 

32-4 

8-4 

. 

32-5 

8-4 

Mean 

.  33-48 

Mean  , 

8-5 

Exp.  42. 

No.  2. 

o 

7-9 

,     , 

33-2 

7-7 

,     . 

32-0 

7-Q 

,     , 

31-9 

7-5 

. 

30-6 

Mean 

7-68 

Mean 

.  31-93 

Condiicting-power 

of  the  circuit. 

(Deviations  with 

the  inductor.) 

166-0 
166-0 

Mean  .  166-0 


167-5 
167-5 

Mean   .  167*5 


If  from  the  deviations  of  these  two  experiments  we  calculate 
what  they  woukl  have  been  with  a  difference  of  temperature  of 
10°  and  the  conductivity  of  the  circuit  =160,  we  obtain, 

For  the  1st  combination,  dev.  =3796 
„       2nd  „  „    =39-72 


Mean     . 

• 

=  38-84 

Copper- Silver 

Exp.  43. 

No.  1. 

Diff.  of  temp 

Deviations. 

Conducting-power 

Mean  . 

o 

9-0     . 
8-4     . 
8-3     . 
8-1     . 

8-45 

.     .       1-2 

.     .       1-2 
.     .       1-2 
.     .       1-2 

Mean  .  1-3 

1660 
167-0 
167-0 

Mean  .  166-7 

Exp.  44. 

8-8     . 
8-7     . 
8-2     . 
8-1     . 

• 

No.  2. 

.       2-2 
.       2-2 
.       2-1 
.       2-1 

11 

168-0 
168-0 

can  .  168-0 

Mean  . 

8-45 

Mean  .  2^5 
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The  calculation  of  the  deviation  for  these  two  experiments 
gives:  — 


No 

.  1.  Deviation 

=  1-36 

No 

.2.         „ 
Mean     .     . 

=  2-42 
=  1-89 

Copper- Aluminium. 

Exp.  45 

No.  1. 

Diflf.  of  temp. 

Deviations. 

Conducting-power. 

7-4 

^ 

.     .      32-0 

167-0 

7-2 

, 

.     .      31-0 

1670 

7-3 
7-3 

• 

.     .      31-5 
.     .      31-0 

Mean  .  167-0 

Mean 

.  7-3 

Mean  .  31-38 

Exp.  46 

No.  2. 

O 

8-1 

, 

.     .      37-3 

1680 

7-9 

, 

.     .      36-7 

168-0 

7-9 

7-8 

• 

.      35-0 
.     .      34-6 

Mean  .  168-0 

Mean 

7-93 

M 

eau  .  35-9 

Whence 

No 

.  1.  Deviation 

=  41-18 

% 

No 

.2.         „ 
Mean     .     . 

=  43-12                      .^ 
=  42-15 

Cadmium-  Copper. 

Exp.  47 

No.  1. 

Diff.  of  temp. 

Deviations. 

Conducting-pow  er. 

9-6 

.     .      10-5 

167-0 

9-5 

.     .      10-1 

166-5 

9-3 
91 

.     .      10-0 
.     .        9-8 

Mean  .  166-8 

8-9 

9-7 

Mean 

.  9-28 

I\I 

ean  .  10-02 

Exp.  48 

No.  1. 

id-4 

.      10-5 

166-0 

10-3 

.      100 

10-4 

.      10-2 

10-2 

.      10-2 

9-9 

.      10-5 

Mean  .  1021     Mean  .  10-28 
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Exp.  49. 

No.  2. 

Diflf.  of  temp. 

Deviations. 

Conducting-power, 

o 

8-9     .     . 

, 

90 

1675 

8-6     .     . 

, 

8-2 

167-5 

8-2     .     . 
8-1     .     . 

• 

8-3 
7-5 

Mean 

.  167-5 

Mean  .  8-45      Mean  .  8-25 

Whence  we  obtain : 

— 

No. 

1. 

Deviation  = 

:  10-36 

» 

))          — 

:  9-68 

No. 

2. 

Mean 

:  9-33 
.  9-79 

Copper -Platinum. 

Exp.  50. 

No.  1. 

Diff.  of  temp. 

Deviations. 

Conducting-power, 

o 

8-6     .     . 

^ 

51-0 

1660 

8-6     .     . 

^ 

50-5 

163-5 

8-5     .     . 
8-3     .     . 

• 

50-5 
500 

Mean  . 

164-8 

Mean  .  8-5       M( 

2an 

.  50-5 

Exp.  51. 

No.  2. 

7-8     .     . 

, 

470 

168-0 

7-4     .     . 

, 

47  0 

168-0 

7-3     .     . 
7-2     .     . 

• 

45-5 
45  0 

Mean   . 

.  168-0 

Mean  .  7*53     Mean 

.  46-13 

Whence  we  obtain : 

— 

No. 

1. 

Deviation   = 

:  57-68 

No. 

2. 

)i           ~ 

:59-13 

Mean     .     .     = 

;58-41 

Copper-  Gold. 

Exp.  52. 

No.  1. 

Diff.  of  temp. 

Deviations. 

Conducting-jiower. 

o 

8-7     .     . 

^ 

21-5 

1600 

8-4     .     . 

, 

200 

80     .     . 

, 

19-3 

7-9     .     . 

. 

20-3 

Mean  .  825     Mi 

ean 

.  20-28 
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Exp.  53. 

No.  2. 

Diff.  of  temp. 

Deviations. 

Conducting-power. 

o 

8-8 

. 

.      22-0 

167-0 

8-4 

,     , 

.      21-5 

167-0 

8-3 
8-2 

•     • 

.      20-5 
.      21-0 

Mean  . 

167-0 

Mean  . 

8-43 

Mean  .  21-25 

Whence 

we  obtain : 

— 

No. 

1.  Deviation 

=23-69 

No. 

2. 

Mean     .     . 

=  24-15 
=23-92 

Iron-Copper. 

Exp.  54. 

No.  1. 

Diflf.  of  temp. 

Deviations. 

Condupting-power. 

o 

60 

^         ^ 

.      88-2 

164-5 

6-0 

,         , 

.      84-0 

1660 

5-8 
5-7 

•    • 

.      84-8 
.      82-5 

Mean  . 

165-3 

5-7 

M. 

Ban  .  84-88 

Mean  . 

5-84 

Exp.  55. 

No.  1. 

O 

7-9 

,     , 

.     119-5 

166-0 

7-7 

,     , 

.     117-5 

167-0 

7-7 
7-4 

•     • 

.     1170 
.     116-3 

Mean  . 

.  166-5 

Mean  . 

7-68 

Mean  .  117-8 

Exp.  56. 

No.  2. 

8-3 

,     , 

.     126-4 

166-0 

8-4 

,     , 

.     127-0 

1660 

8-3 

8-3 

•     • 

.     127-8 
.     127-0 

Mean  , 

,  166-0 

Mean  . 

833 

Mean  .  12705 

Exp.  57. 

No.  2. 

O 

7-8 

,     , 

.     121-5 

165-0 

7-6 

,     , 

.     117-5 

166-7 

7-5 

,     , 

.     115-5 

1660 

7-4 

•     • 

.     115-0 

Mean  , 

.  165-7 

Mean.  7-58    Mean  .  117-4 
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Whence  we  obtain  : — 

No.  1.  Deviation  =140-7 


)) 

}> 

=  147-4 

No.  2. 

}) 

=  147-0 

>} 

}) 

=  149-6 

Mean     .     . 

=  146-18 

Copper-Lead. 

Exp.  58. 

No.  1. 

Diff.  of.  temp 

>.             Deviations. 

COIK 

luctlng-power, 

5-7     . 

,      , 

170 

167-0 

5-8     . 

,      , 

17-0 

167-0 

5-8     . 
5-9     . 

•      ■ 

17-0 
17-0 

Mean  . 

1670 

Mean  . 

5-8 

]\Ieau 

.  170 

Exp.  59. 

No.  1. 

90     . 

^          ^ 

24-5 

166-5 

8-8     . 

,          , 

24-0 

1680 

8-5     . 
8-4     . 

•     • 

23-0 
23-8 

Mean  . 

167-3 

Mean  . 

8-68 

Mean 

.  23-83 

Exp.  60. 

No.  2. 

8°4     . 

,          , 

261 

166-5 

80     . 

,          , 

24-8 

165-5 

7-9     . 

7-7     . 

•     • 

24-5 
23-5 

]\Ieau  . 

,  1660 

Mean  . 

.  8-0 

Mean  , 

.   24-73 

Exp.  61. 

No.  2. 

0-7     . 

,          , 

170 

166-0 

6-5     . 

,          , 

170 

1670 

6-4     . 
6-2     . 

•     • 

lG-9 
lG-0 

Mean 

.  166-5 

Mean 

.  6-45 

Mean 

.  16-73 

"Whence 

we  obtain : — 

No. 

1.  Deviation   = 

28081  ^^ 

•17 

}> 

i>          — 

26-'<i6p' 

No. 

2.  Deviation   = 

24-93  f'^^'^^ 

Mean 


.     27-27 


¥orce  in  the  Contact  of  Metals. 


271 


Copper-Bismuth. 

Exp.  62. 

No.  1. 

Diflf,  of  temp.            Deviations 

Condncting-power. 

Mean  . 

8-3     ..     .     297-0 
8-1     ..     .     288-8 
7-9     ..     .     282-5 
7-7     ..     .     276-0 

8-0      Mean  .  286-08 

Mean  , 

64-5 
64-0 
64-5 
64-5 

.  64-4 

Exp.  63. 

No.  1. 

Mean  . 

7-9     ..     .     285-0 
7-9     ..     .     2750 
77     .     .     .     268-0 
7-5     ..     .     258-7 

7-75     Mean  .  271-7 

Mean 

64-5 
63-0 
65-0 

•  64-2 

Exp.  64. 

No.  2. 

9-1     ..     .     290-0 
8-8     ..     .     286-0 
8-7     ..     .     282-0 
8-4     ..     .     276-0 

64-5 
65-5 
64-5 
66-5 

Mean  . 

8-75     Mean  .  283-5 

Mean 

.  65-3 

Exp.  65. 

No.  2. 

6-8     ..     .     216-3 
6-6     ..     .     217-0 
6-8     ..     .     215-0 
6-8     ..     .     216-0 

65-3 

Mean  . 

6-75    Mean  .  216-08 

Whence 

we  obtain : — 

No.  1.  Deviation  = 
No.  2. 

««3«:^}881-05 
784-"4}^89-15 

Mean 


835-10 


The  great  thermoelectric  difference  between  the  two  bismuth- 
copper  combinations  is  remarkable.  Doubtless  the  cause  of  it 
is  the  crystalline  constitution  of  bismuth.  It  is  known  that  the 
thermoelectric  force  of  bismuth  and  of  antimony  varies  with  the 
plane  of  crystallization  :  the  crystals  which  at  the  point  of  junc- 
tion are  in  contact  with  the  copper  may  have  different  positions 
in  the  two  combinations. 
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Zinc-  Silver. 

Exp.  66. 

No.  1. 

Diff. 

,  of  temp. 

Deviations. 

Condiicting-power 

100      , 

,     , 

3-2 

165-5 

9-9 

, 

30 

165-5 

9-7     , 
9-5     , 

•     • 

3-0 
30 

Mean 

.  165-5 

Mean 

.  9-78 

]\I( 

ian  .  305 

Exp.  0,7. 

No.  2. 

7-6     . 

.       2-0 

1680 

7-4     . 

.       1-8 

168-7 

7-2     . 

.       1-5 

168-2 

71     . 

.       1-7 

Mean  , 

,  168-3 

Mean  . 

7-33 

Mean  .   1-75 

Whence  we  obtain  : — 

No.  1.  Deviation  =3-02 
No.  2.         „  =2-27 

Mean     .     .     =2*65 

Platinum-  Palladium . 
Exp.  68. 

Diff.  of  temp.  Deviations.  Canducting-power. 

7-3  ..  .  41-8  1660 

7-3  .     .  .  43-0  166-0 

7-1  ..  .  42-6  Mean  .  166-0 

7j3  .     .  .  43;0 

Mean  .  7^25     INIean  .  42-6 

"Whence  we  obtain  : — 

Deviation  =56-63. 

In  each  combination  the  thermoelectric  current  passed,  through 
the  warmer  point  of  contact,  from  the  second  to  tlie  first  metal  of 
the  combination,  consequently  from  copper  to  iron,  from  bis- 
muth to  copper,  &c.  We  thus  obtain,  for  the  combinations  in- 
vestigated, the  following  thermoelectric  scries,  in  which  the 
numbers  designate  the  thermoelectric  force  arising  from  the 
contact  with  copper  : — 
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+  Iron      .     . 

146-18 

Lead    .     . 

27-27 

Caduiiuin  . 

9-79 

Tin       .     . 

38-84 

Zinc 

0-76 

Aluminium 

42-15 

Copper . 

0-00 

Platinum  . 

58-41 

Silver    . 

1-89 

Palladium 

115-04 

Gold      . 

23-92 

—Bismuth   . 

835-10 

The  metals,  therefore,  keep  the  same  order  in  the  electromotive 
as  in  the  thermoelectric  series. 

§6. 

If  we  compare  the  electromotive  series,  as  determined  in  the 
preceding  pages,  with  the  electric-tension  series,  as  given  by 
Volta,  Piaff,  Peclet,  and  others,  it  is  impossible  to  find  the  least 
concordance  between  them.  Thus,  for  example,  according  to 
Volta's  series,  zinc  is  positive  to  iron,  while  it  is  the  opposite 
according  to  the  series  above  given ;  according  to  the  tension- 
series,  bismuth  is  positive  to  platinum,  while  in  the  above  series 
bismuth  is  found  far  below  platinum  in  the  negative  direction ; 
according  to  the  tension-series,  lead  is  much  more  positive  than 
copper,  while  it  is  the  contrary  in  the  series  determined  by  rae, 
&c.  Yet  the  cause  of  this  want  of  concordance  is  now  not  diffi- 
cult to  discover.  Grove's  gas  pile  and  galvanic  polarization  are 
proofs  that  gases  are  electromotive  in  contact  with  solid  bodies. 
I  have,  I  think,  demonstrated  in  a  former  paper*  that  galvanic 
polarization  produces  a  veritable  electromotive  force  by  the  con- 
tact of  the  gases  precipitated  on  the  polar  surfaces.  The  polari- 
zation-current produced  cannot  be  regarded  as  proceeding  from 
chemical  activity  in  the  polarization-vessel,  but  has  its  true  cause 
in  the  polar  plates  being  covered  by  the  precipitated  gases.  The 
difference,  therefore,  between  the  two  series  results  from  the  fact 
that  gases  are  electromotive  in  contact  with  solid  bodies.  The 
experiments  on  which  the  tension-series  is  founded  were  made 
in  free  air.  If,  then,  with  the  aid  of  the  electroscope  we  inves- 
tigate the  electrical  state  of  a  disk  composed,  for  example,  of 
copper  and  zinc,  we  have  to  do  not  merely  with  the  mutual  con- 
tact of  the  two  metals,  but  also  the  contact  of  both  with  the  sur- 
rounding air.  As  solid  bodies  have  the  property  of  more  or  less 
condensing  gases  and  retaining  them  at  their  surfaces,  the  same 
result  is  in  general  obtained  when  the  experiment  takes  place  in 
a  space  in  which  the  air  is  rarefied,  or  in  a  vacuum,  since  this 
does  not  entirely  remove  the  gas  from  the  surface  of  the  solid. 
In  the  experiment,  therefore,  we  have  to  take  into  consideration 
three  electromotive  contacts.    The  deviation  given  by  the  electro- 

'^  bfversigt  af  K.  Vet.-Akad.  Fork.  1867,  p.  95.  Pogg.  Ann.  vol. 
cxxxi.  p.  -^li^.     Phil.  Mag.  S.  4.  vol.  xxxv.  p.  103. 

Phil.  Mag.  S.  4.  Vol.  43.  No.  286.  April  1872.  T 
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scope  is  a  measure  of  the  resultiint  of  these  three  forces  ;  it  is 
therefore  not  a  result  of  the  metallic  contact  exclusively,  but  of 
all  three  combined;  and  we  ought  not  to  be  surprised  that  the 
two  scries  do  not  mutually  agree.  It  is  not  a  new  fact  that 
gases  condensed  at  the  surface  of  metals  exercise  an  influence  on 
electroscopic  experiments.  As  1  have  mentioned  above,  this 
fact  has  been  urged  as  an  objection  to  the  correctness  of  the 
contact  theory.  But  the  amount  of  this  influence  only  bceaihe 
fully  evident  when  the  true  electromotive  series  was  established 
as  it  comes  out  from  metallic  contact  only. 

From  the  preceding  we  are  fully  authorized  to  formulate  the 
following  propositions  : — 

1.  As  established  by  electroscopic  experiments,  the  electric- ten- 
sion series  presents  no  immediate  relation  with  the  electromotive 
forces  at  the  contact  of  metals ;  therefore  it  is  impossible  to  deter- 
mine from  that  series  the  amount  or  the  nature  of  those  forces. 

The  following  proposition  is  an  immediate  consequence  of  the 
preceding ; — 

2.  The  order  of  the  metals  is  perfecthj  identical  in  the  electro- 
motive and  in  the  thermoelectric  series  respectively. 

The  identity  of  the  two  series  indicates  an  intimate  connexion 
between  the  electromotiv^e  and  thermoelectric  forces.  The  elec- 
tromotive forces  of  contact  transform  heat  into  electricity.  At 
the  absolute  zero  of  heat,  supposing  that  point  to  have  an  actual 
existence,  it  would  be  impossible  for  those  forces  to  produce 
electric  motion.  In  this  circumstance  we  arrive  spontaneously 
at  the  supposition  that  the  power  of  these  forces  to  occasion  an 
electric  motion  depends  on  the  quantity  of  heat  present,  or,  in 
other  words,  that  it  is  a  function  of  the  tem])erature.  In  fact 
Le  Koux  has  verified  this  by  experiment.  lie  found  that  the 
quantity  of  heat  produced  or  absorbed  when  a  galvanic  current 
circulates  through  the  point  of  contact  between  bismuth  and 
coi)per  is  greater  at  the  temperature  of  + 100°  than  when  the 
experiment  takes  place  at  the  ordinary  temperature.  The  elec- 
tromotive force  resulting  from  the  contact  between  bismuth  and 
copper  is  therefore  greater  at  the  former  temperature  than  at  the 
latter.  Let  us  suppose  several  metals  A,  13,  C,  &c.  soldered  to 
one  another  in  a  ring :  the  sum  of  the  electromotive  forces  will 
be  equal  to  0  when  the  temperature  is  the  same  at  all  the  sol- 
dering-j)()iut.s  ;  if,  on  the  contrary,  the  tcm|)('rature  be  augmented 
at  one  of  these  j)()ints,  a  tlicrmoclectric  current  w  ill  result.  This 
comes  from  the  electromotive  force  having  been  modified  by  the 
increase  of  teni])eraturc.  Thermoelectric  currents  therefore  con- 
stitute a  measure  of  the  modification  undergone  by  the  eleetro- 
uiotive  force  when  the  temperature  is  raised  or  lowered. 

In  the  experiments  related  above  it  was  shown  that,  at  the 
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warmer  point  of  contact,  the  thermoelectric  current  always  fol- 
lowed the  same  direction  as  the  current  produced  by  tlie  electro- 
motive force  of  the  point  of  contact.  This  force  was  conse- 
quently more  intense  at  the  warmer  than  at  the  cooler  point  of 
contact ;  or,  in  other  terms,  the  electromotive  force  of  contact 
increased  with  the  temperature.  These  experiments  took  place 
between  limits  of  temperature  of  about  +10  and  -f-30  degrees. 
In  the  experiments  executed  for  the  purpose  of  ascertaining  the 
change  of  temperature  at  the  point  of  contact  on  the  passage  of 
a  current,  the  temperature  of  the  wires  did  not  exceed  +30 
degrees,  and  in  most  cases  was  much  lower.  We  are  therefore 
authorized  to  formulate  the  following  proposition  : — 

3.  The  electromotive  force  of  contact,  for  the  eleven  metallic 
combinations  investigated,  increased  with  the  temperature  when  the 
experiments  took  place  at  a  temperature  not  exceeding  +  30  degrees. 

That  this  proposition  cannot  be  applied  to  all  temperatures 
results  from  tlie  researches,  on  thermoelectric  phenomena,  which 
several  men  of  science  have  executed  at  higher  temperatures. 
From  these  it  is  known  that  the  thermoelectric  currert  may  di- 
minish with  the  increase  of  the  temperature  at  the  points  of 
contact.  From  the  numbers  given  for  the  two  series,  it  follows 
that  the  thermoelectric  current  is  greater  for  the  metallic  com- 
binations whose  electromotive  force  is  greater  than  for  those  pos- 
sessing an  inferior  electromotive  force.  The  exact  ratio  between 
the  electromotive  forces  and  the  corresponding  thermoelectric 
currents  is  obtained  by  dividing  the  numbers  of  one  of  the  series 
by  the  corresponding  numbers  of  the  other.  The  following 
Table  gives  the  quotients  obtained  by  dividing  the  numbers  de- 
signating the  amounts  of  the  electromotive  force  by  those  repre- 
senting the  magnitudes  of  the  corresponding  thermoelectric 
currents : — 


Iron-copper    . 

M2 

Coppei 

-tin     .     . 

1-57 

Cadmium-copper 

1-42 

)) 

-aluminium 

1-37 

Zinc-copper     .     . 

2-24 

>) 

-platinum 

1-30 

Copper-silver .     . 

1-47 

)) 

-palladium 

1-20 

„      -gold    .     . 

1-62 

}> 

-bismuth 

1-97 

„      -lead     ,     . 

1-23 

Relying  on  theory,  one  would  have  expected  that  these  quo- 
tients would  be  equal  in  amount,  or  (which  comes  to  the  same 
thing)  that  the  electromotive  and  thermoelectric  forces  would  be 
proportional  to  each  other ;  but  this  is  far  from  being  the 
case.  As  a  rule,  the  quotients  diminish  in  proportion  as  the 
electromotive  forces  increase.  It  is,  in  my  opinion,  certain 
that  this  departure  from  theory  cannot  depend  on  possible 
errors  of  observation.     Doubtless   these    errors,  in  the    deter- 

T2 
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minatiou  of  the  electromotive  forces,  may  be  ])retty  large  ; 
nor  is  this  very  astonishing;,  the  differences  of  temperature  to 
be  nteasured  being  so  very  small.  lu  the  case  of  the  zinc-copper 
combination,  for  example,  the  difference  does  not  amount  to  one 
thousandth  of  a  degree ;  in  that  of  the  cadmium-cojipcr,  hardly 
to  one  and  a  half  hundredth  ;  and  for  copper-bismuth  (which, 
of  all  the  combinations,  possesses  the  greatest  electromotive 
force),  to  1'5  degree.  But  the  errors  of  observation  are,  after 
all,  in  no  case  sufficiently  great  to  furnish  the  explanation  of 
the  considerable  variations  in  the  quotients  above  given.  Let 
us  compare,  for  example,  the  copper-gold  with  the  iron-copper 
combination.  A  series,  consisting  of  observations  made  with 
three  different  intensities  of  current,  gave,  almost  without  va- 
riation, the  number  14'5  for  the  electromotive  force  of  the 
former  combination ;  another  series,  in  which  the  observations 
followed  one  another  at  15-minute  intervals,  gave  15'02.  The 
mean,  14"76,  cannot  be  singularly  faulty.  The  electromotive 
force  of  the  iron-copper  combination  was  determined  in  the 
same  manner  by  means  of  several  series,  which  gave,  as  the 
mean,  130-99,  in  which  the  probable  error  cannot  be  very  great. 

The  same  two  combinations  had  also  been  investigated  by 
using  two  cylinders  the  external  surface  of  which  was  not 
silvered;  and  I  obtained  12'56  for  copper-gold,  115v3  for 
iron-copper.  The  ratio  between  the  two  former  numbers  does 
not  much  differ  from  that  between  the  two  latter.  It  is  the 
same  with  most  of  the  other  combinations.  The  only  ones  which 
can  betray  a  greater  uncertainty  are  the  zinc-copper  and  copper- 
silver  combinations,  in  which  the  differences  of  temperature  were 
very  insignificant.  We  can  therefore  formulate  the  following 
proposition  : — 

4.  The  thermoelectric  forces  which,  at  a  given  difference  of  tem- 
perature, arise  in  different  metallic  combinutions,  are  not  propor- 
tional to  the  electromotive  forces  of  those  same  metallic  combinations. 

By  the  application  of  the  second  fundamental  principle  of  the 
mechanical  tlieory  of  heat,  Clausius  has  demonstrated  that  the 
augmentation  undergone  by  the  electromotive  force  when  the 
temperature  rises  at  the  j)oint  of  contact  should  be  proportional 
\nA\\  to  the  augmentation  of  tenij)erature  and  to  the  electromo- 
tive force  itself.  If  Carnot\s  function  be  made  equal  to  A(a-f/j, 
in  which  A  is  the  equivalent  of  heat  for  the  unit  of  work,  / 
the  temperature  in  degrees  Celsius,  and  a  the  number  273,  it 
follows  from  this  deduction  that  Yi  =  e{a-\-t),  in  which  E  is  the 
electromotive  force  at  the  tompeiature  /,  and  e  a  constant  de- 
pendent exclusively  on  the  nature  of  the  metals  forming  the  con- 
tact. It  would  hence  follow  that  all  the  quotients  above  given 
should  be  of  equal  amount,  which  iievertheless  experiment  has 
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shown  not  to  be  the  case.  Another  result  of  the  theory  is,  that 
the  thcrinoclectric  currents  should  be,  whatever  the  temperature, 
proportional  to  the  difference  of  temperature  between  the  points 
of  contact — which,  as  we  know,  agrees  no  more  than  the  former 
with  the  practical  results.  Now  the  cause  of  this  may  indeed 
be,  as  Clausius  assumes,  that  at  high  temperatures  metals  undergo 
a  molecular  moditication,  the  thermoelectric  effect  of  which  can- 
not be  taken  into  account  in  the  calculation.  It  is,  however, 
intinitely  more  difficult  to  explain  why  the  quotients  above  men- 
tioned are  not  identical,  as  the  theory  requires ;  here  we  have 
neither  high  temperatures  nor  sensible  molecular  modifications 
in  the  metals,  1  cannot  omit  to  call  attention  to  a  result  I  ob- 
tained some  years  since,  during  researches  on  the  calorific  phe- 
nomena arising  from  change  of  volume  in  solid  bodies*.  If  a 
wire  be  stretched,  it  cools ;  and  if  it  then  be  permitted  to  con- 
tract slowly  without  the  particles  beginning  to  oscillate,  it  be- 
comes warmer  by  a  quantity  equal  to  the  cooling  effected  by  the 
tension.  Thomson  has  calculated  these  changes  of  temperature 
by  means  of  the  second  axiom  of  the  mechanical  theory  of  heat. 
Now,  on  comparing  the  results  of  experiment  with  ihe  theore- 
tical calculation,  they  are  found  not  to  agree.  As  is  known, 
the  mechanical  equivalent  of  heat  enters  into  Thomson^s  for- 
mula ;  and  it  is  necessary  to  give  that  equivalent  the  value  of  683 
kilogrammetres  in  order  to  make  the  result  of  the  experiments 
agree  with  the  theory.  The  concordance  between  the  series  of  ex- 
periments shows  that  this  number  cannot  be  more  than  a  few  per 
cent,  wrong ;  and  this  is  also  confirmed  by  the  circumstance  that, 
if  the  stretched  wire  be  suffered  to  contract  suddenly  and  without 
accomplishing  any  external  mechanical  work,  the  resulting  quan- 
tity of  heat,  calculated  with  the  aid  of  the  number  683  already 
found,  gives  the  correct  value  of  its  mechanical  equivalent,  viz. 
434)  kilogrammetres.  It  has  been  attempted  to  explain  the 
want  of  agreement  between  the  theory  and  my  experiments  by 
the  formula  presupposing  that  the  body  undergoes,  under  the 
influence  of  heat,  an  equal  dilatation  in  all  directions,  which, 
perhaps,  is  not  the  case  with  stretched  wires  like  those  employed 
in  my  experiments!-.  But  in  a  recent  paper  J,  M.  Dahlander 
has  demonstrated  the  invalidity  of  the  explanation.  As  we  have 
no  right  to  reject  a  fact  because  it  is  opposed  to  those  which  we 
already  know,  I  conclude  by  formulating  the  followmg  proposi- 
tion as  a  further  result  of  my  experiments : — 

*  Ofversigt  af  K.  Vet.-Akad.  Forhandl.  for  \S65,  p.  96.  Vogg.  Ann. 
vol.  cxxvi.  p.  589.     Ann.  de  Chim.  et  de  Phys.  ser.  4.  vol.  viii.  p.  257. 

t  Paul  de  Saint-Robert,  Atti  della  Reale  Accad.  delle  Scienze  di  Torino, 
Jan.  1868;  Ann.  de  Chim.  et  de  Phys.  ser.  4.  vol.  xiv. 

X  Ofversigt  af  K.  Vet.-Akad.  Forhandl.  for  \87\. 
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5.  If,  with  the  aid  of  the  second  fundamental  principle  of  the 
mechanical  theory  of  heat,  we  calculate  the  modifications  under- 
gone by  the  electromotive  forces  of  contact  in  consequence  of  the 
increase  of  temperature,  ive  obtain  results  which  do  not  agree  with 
experiment. 


XXXII.  Acoustical  Experiments  showing  that  the  Translation  of 
a  Vibrating  Body  causes  it  to  give  a  Wave-length  differing  from 
that  produced  by  the  same  Vibrating  Body  when  stationary. 
jBy  Alfred  M.  IMayer,  Ph.D.,  Professor  of  Physics  in  the 
Stevens  Institute  of  Technology,  Hoboken,  New  Jersey,  U.S. 
America^. 

The  Apparatus. 

FOUR  tuning-forks  mounted  on  resonant  cases  and  giving 
the  note  UT3,  =256  complete  vibrations  per  second,  were 
obtained.     I  will  designate  them  as  Nos.  1,  2,  3,  and  4. 

Nos.  1  and  2  were  brought  into  perfect  unison  by  a  process 
to  be  described. 

No.  1  was  placed  before  a  lantern ;  and  just  touching  one  of 
its  prongs  was  a  small  ball  (6  millims.  diameter)  of  good  cork, 
suspended  by  a  silk  fibre.  The  images  of  the  fork  and  of  the 
cork  ball  were  projected  on  a  screen. 

No.  3  had  one  prong  weighted  with  wax,  so  that  it  gave  2 
beats  a  second  with  No.  1  or  2. 

No.  4  had  the  ends  of  its  prongs  filed  off  until  it  also  gave  2 
beats  a  second  with  No.  1  or  2;  thus  No.  4  gave  2  vibrations 
a  second  more  than  No.  1,  while  fork  3  gave  2  vibrations  per 
second  less  than  No,  1, 

The  Experiments. 

In  the  experiments  1  to  7  inclusive,  No.  1  remains  before  the 
lantern  with  the  suspended  cork  ball  just  touching  one  of  its 
prongs. 

Exp.  1, — Fork  No.  2,  screwed  on  its  case,  was  held  in  the 
hand  at  distances  from  30  to  GO  feet  from  No.  1  and  sounded; 
the  ball  was  projected  from  the  prong  of  fork  1,  which  vibrates 
in  unison  with  No.  2. 

Exp.  2, — I  stationed  myself  30  feet  distant  from  fork  1,  and 
fork  No.  2  was  screwed  off  its  case  and  vibrated  in  one  hand 
while  the  case  was  held  in  the  other.  I  now  walked  rapidly 
towards  fork  no.  1  ;  and  after  I  was  in  regular  motion  I  )>laced 
the  fork  on  its  case,  and  just  before  I  ceased  walking  I  took  it 

*  Communicated  by  the  Aiitlior. 
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off.     Although  when  I  did  so  I  was  only  about  a  foot  from 
fork  1,  j'ct  the  cork  ball  remained  at  rest  against  its  prong. 

Exp.  3. — Again  I  walked  towards  1  as  in  experiment  2,  but 
I  did  not  remove  the  fork  from  its  case  after  it  was  placed  on  it. 
The  ball  remained  at  rest  until  the  moment  I  suddenly  stopped 
walking,;  but  at  that  instant  the  ball  flew  from  the  fork,  while 
an  assistant,  whose  ear  was  close  to  the  case  of  fork  1,  while  his 
eye  was  directed  to  the  screen,  found  that  at  the  instant  I  stopped 
walking  the  fork  No.  1  sounded,  while  the  ball  jumped  from  its 
l)rong. 

Exps.  4  and  5. — These  experiments  were  exactly  like  2  and  3, 
except  that  1  walked  away  from  fork  1  instead  of  approaching 
it.     The  results  were  the  same  as  in  exps.  2  and  3. 

Exp.  6. — Fork  No.  3,  giving  254  vibrations  per  second,  was 
sounded  as  in  exp.  1.  It  had  no  effect  in  moving  the  ball.  I 
now  screwed  the  fork  off  its  case,  and,  standing  about  thirty  feet 
from  fork  1,  with  my  arm  I  swung  the  case  towards  fork  1,  and 
while  it  was  approaching  it  I  placed  fork  No.  3  on  its  case;  the 
proper  velocity  (from  8  to  9  feet  per  second)  having  been  ob- 
tained, the  ball  was  suddenly  projected  from  fork  1.  On  greatly 
increasing  or  decreasing  the  above  velocity  of  the  moving  case, 
the  vibration  of  fork  3  produced  no  eflFect  on  fork  1. 

Exp.  7 . — Fork  No.  4,  which  gave  two  vibrations  a  second 
more  than  No.  1,  was  substituted  in  exp.  6,  but  was  placed  on 
its  swinging  case  when  this  was  receding  from  fork  1.  TheefFect 
of  this  motion  and  of  varying  velocities  was  the  same  as  in  exp.  6. 

Exp.  8. — I  placed  fork  3  before  the  lantern,  and  swung 
fork  1  as  in  exp.  7 ;  the  eflfects  were  the  same  as  described  in 
exp.  7. 

Exp.  9. — 1  now  placed  fork  4  before  the  lantern  and  moved 
fork  1  as  fork  3  was  moved  in  exp.  6.  The  effects  on  the  ball 
were  the  same  as  in  exp.  6. 

These  are  the  simple  means  I  have  arrived  at  to  show  the 
change  of  wave-length  produced  by  the  translation  of  the  vibra- 
ting body.  By  analogy  they  clearly  unfold  that  exquisite  modern 
method  of  determining  the  motions  of  a  heavenly  body  by  varia- 
tions in  the  refrangibility  of  the  rays  which  it  emits — motions 
often  impossible  even  to  detect  by  any  other  means.  I  there- 
fore deem  it  proper  that  I  should  proceed  to  state  the  delicate 
conditions  on  which  depend  the  perfection  of  experiments  wliieh 
so  satisfactorily  elucidate  the  nature  of  those  grand  and  refined 
problems  offered  to  spectral  observation,  while  they  afford  an 
experimental  proof  of  the  important  theorem  that  Dopplcr  esta- 
blished in  1841. 

It  is  first  of  all  essential  that  forks  1  and  2  should  really  be 
in  unison.     Two  forks  sounded  together  may  give  no  perceptible 
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beats;  or  they  may  constrain  each  other  into  a  common  forced 
oscillation;  and  thus  both  will  give  the  same  number  of  vibrations, 
yet  may  be  removed  from  equality  when  separately  sounded. 
The  process  I  have  adopted  is  as  follows  : — Three  forks  are  taken 
that  are  supposed  to  make  the  same  number  of  vibrations  in  a 
given  time.  They  are  supported  on  india-rubber  tubing  and 
are  thus  insulated.  One  of  the  forks  is  now  loaded,  so  that  it 
gives  two  or  three  beats  in  a  second  with  one  of  the  other  two 
that  are  to  be  brought  into  exact  unison.  The  interval  of  time 
occupied  by  twenty  or  thirty  of  these  beats  is  accurately  mea- 
sured by  means  of  a  chronograph  (one  of  Casella's  registering 
stop-watches  does  well).  The  interval  occupied  by  the  same 
number  of  beats  given  by  the  second  fork  is  now  ascertained; 
and  if  it  differs  from  that  given  by  the  first,  the  quicker  vibrating 
fork  is  made  to  give  the  same  number  of  beats  as  the  slower  by 
loading  it  with  wax.  When  the  forks  have  thus  been  carefully 
adjusted,  I  have  had  no  difficulty  in  projecting  the  ball  in  exp.  1 
at  a  distance  of  60  feet ;  and  1  believe  that  it  could  have  been 
accomplished  at  a  distance  of  100  feet. 

The  ball  of  cork  should  be  spherical,  so  that  it  will  always  just 
touch  the  fork,  no  matter  how  it  may  rotate  around  its  suspend- 
ing thread,  which  latter  should  consist  of  only  one  or  two  fibres 
of  unspun  silk.  The  cork  is  rendered  as  smooth  as  possible,  and 
is  then  varnished.  This  is  important ;  for  the  varnish  gives  a  firm 
coating  to  the  ball  without  sensibly  increasing  its  weight,  and  is 
especially  useful  in  covering  the  minute  asperities  or  elastic  pro- 
jections on  its  surface,  which  otherwise  would  act  as  "  buflfers  " 
to  the  impacts  of  the  fork  and  deaden  its  projectile  effects. 

The  above-stated  conditions  having  been  attained,  no  physicist 
will  have  any  difficulty  in  repeating  these  experiments. 

A  machine  has  been  devised  by  which  a  uniform  motion  of 
translation  can  be  given  to  the  forks ;  and  with  this  I  propose 
making  a  quantitative  investigation  of  the  phenomena,  using  an 
apparatus  essentially  the  same  in  its  action  as  the  one  here 
described. 

We  may  substitute  for  the  suspended  cork  ball  a  light  ])laue 
mirror  held  between  two  stretched  vertical  fibres  while  one  of  its 
edges  just  touches  the  fork.  The  motions  of  a  beam  of  light 
reflected  from  the  mirror  to  a  screen  indicate  most  beautifully 
the  vibrations  of  the  fork.  This  ingenious  and  most  delicate 
arrangement  for  indicating  vibrations  is  due  to  Professor  0.  N. 
Hood,  of  Columbia  College,  New  York,  who  first  used  it  in  a 
public  lecture  delivered  in  New  York  city  on  the, 2Hth  of  last  De- 
cember. AV^e  have,  however,  in  our  special  work  found  the  image 
of  the  ])rojected  ball  more  convenient  and  sufficiently  delicate  for 
our  experiments. 
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Quantitative  Relations  in  the  experiments  and  analogical  facts  in 
the  phenomena  ofLiglit. 

The  UTg  No.  1  fork  makes  256  complete  vibrations  in  one 
second,  while  fork  No.  3  makes  254,  giving  for  the  respective 
wave-lengths  of  these  vibrations  4-367  and  4-401  feet,  which  we 
will  designate  in  order  as  A,  and  A,' :  we  will  take  1118  feet  per 
second  as  the  velocity  of  sound  at  60°  Fahr. 

Now 

256  vibrations  in  1118  feet  make     ....     X=4*367feet, 
and 

254  vibrations  in  1118-2X,  (  =  1109-266)  make  \=4-367  feet. 
As  the  velocity  of  propagation  of  the  vibrations  and  X  are  the 

same  in  both  cases,  it  follows  that  |  n=  —  J,  the  number  of  vi- 
brations in  a  second  reaching  a  distant  point,  is  the  same,  and 
therefore  256  vibrations  from  a  body  at  rest  will  ])roduce  the 
same  effect  on  a  distant  surface  as  254  vibrations  emanating 
from  a  body  which  moves  towards  that  surface  with  a  velocity  of 
2X  or  of  8-734  feet  per  second  ;  and  this  is  the  velocity  we  gave 
the  forks  in  exps.  6  to  9. 

We  will  now  examine  analogical  phenomena  in  the  case  of 
light.  Fork  1  giving  256  vibrations  a  second,  let  these  represent 
595  million  million  vibrations  a  second,  which  we  will  take  as  the 
number  of  vibrations  made  by  the  ray  D,  of  the  spectrum.  Then 
fork  No.  3  will  represent  590  million  million  vibrations  per  se- 
cond, which  give  a  wave-length  -0000042  millimetre  longer  than 
that  of  Dj,  and  nearly^correspond  with  an  iron  line  situate  '42 
division  below  Dj  on  Angstrom's  chart.  We  saw  that  fork 
No.  3,  giving  254  vibrations  a  second,  had  to  move  towards  the 
ear  with  a  velocity  of  8-734  feet  to  give  the  note  produced  by 
256  vibrations  a  second  emanating  from  a  fixed  point ;  so  a 
star  sending  forth  the  ray  which  vibrates  590  million  million 
times  a  second,  will  have  to  move  towards  the  eye  with  a  velocity 
of  28,740  miles  per  second  to  give  the  colour  produced  when 
ray  Dj  emanates  from  a  stationary  flame. 

Februarys,  1872. 
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XXXIII.   On  the  Heat-Spectrum  of  the  Sun  find  the  Lime-Li<jht. 
By  M.  S.  Lamansky  of  St.  Petershury*. 

IN  these  investigations,  which  I  carried  out  in  Geh.  Itath 
Ileliiiholtz's  hiboratory  at  Heidelberg,  I  endeavoured  to 
analyze  by  means  of  a  prism  as  large  a  cone  of  light  as  possible. 
For  this  purpose  the  following;  arrangement  was  hit  upon. 

Solar  rays,  reflected  from  the  mirror  of  a  heliostat,  were  col- 
lected by  means  of  a  lens  of  3  inches  aperture  and  25  inches 
focal  distance.  Into  the  focus  of  the  lens  a  slit  was  brought, 
the  length  of  which  was  exactly  equal  to  the  diameter  of  the 
sun's  image.  The  issuing  luminous  pencil  was  analyzed  by  a 
flint-glass  prism  of  2  inches  aperture  and  a  refracting  angle  of 
60°.  The  separated  rays  were  collected  by  an  achromatic  lens. 
This  lens  was  placed  at  twice  its  focal  distance  both  from  the 
slit  and  from  the  linear  thermo-apparatus.  The  latter  consisted 
of  12  pairs  of  bismuth-antimony  elements,  and  was  connected 
with  a  thermo-multiplier  after  Magnus.  With  this  arrangement 
the  luminous  rays  covered  the  entire  face  of  the  prism ;  and  in 
the  investigation  of  the  ultra-red  rays  the  prism  was  placed  at 
the  minimum  of  deflection  for  the  red. 

Hence  resulted  a  very  pure  spectrum,  the  investigation  of 
which  was  conducted  in  the  following  manner.  First  the  double 
slit  of  the  thermo-apparatus,  of  only  half  a  millim.  breadth,  was 
placed  upon  the  line  D ;  the  thermo-apparatus,  enclosed  in  a 
tin-plate  box  containing  hot  water  for  compensation  of  the  tem- 
perature, was  then  moved  along  a  scale  of  millimetres  in  order 
to  trace,  step  by  step,  the  distribution  of  heat  in  the  entire  spec- 
trum. In  subsequent  experiments,  which  I  executed  in  the  past 
summer  with  rock-salt  apparatus,  a  micrometer-screw  was  adtled, 
suitable  for  shiiting  the  tliermo-a])paratus,  which, moreover,  stood 
behind  the  slit  of  a  thick  plate  of  brass.  Jieiorc  each  observation 
the  solar  image  was  first  thrown  upon  the  slit  by  the  mirror  of 
the  heliostat ;  the  screen  between  the  slit  and  the  prism  was 
then  removed,  and  the  deflection  of  the  magnet  read  ofl"  with 
telescope  and  scale.  I  usually  made  two  observations  for  each 
position  of  the  thermo-apparatus  in  the  spectrum,  and  took  their 
mean.  Finally,  however,  I  came  back  again  to  the  line  1);  in 
this  way  I  was  able  to  ascertain  the  variation  of  intensity  of  the 
heat-ettect  during  the  experiment. 

I.   Distri/jution  of  the  Heat  in  the  Sulai'  Spectrum. 
In   the  above- described   manner   I   investigated   the  thermic 
effects  of  the  solar  spectrum  with  flint-glass  prisms,  with  prisms 

•  Triuisliitcd  from  a  sc'|)aratc  copy,  coiniiuuiicatcd  by  the  Author,  from 
tlie  MoiKifshcriclile  dcr  Konir/l,  Akudcmie  der  JMsseiiscfiiiflen  :7<  Berlin, 
Dec.  7,  1S71. 


On  the  Heat- Spectrum  of  the  Sun  and  the  Lime-Light.      283 

of  sulphide  of  carbon,  and  with  rock-salt  apparatus.  I  will  here 
mention  that  these  apparatus  were  of  the  same  dimensions  as 
the  above-mentioned  glass  ones,  were  of  perfectly  transparent 
Stassfurth  salt,  and  excellently  made  by  W.  Stceg,  optician,  of 
Ilomburg ;  and  1  fresh-polished  them  before  each  experiment. 
My  experiments  have  reference  to  the  forenoons  in  the  summer 
and  autumn  of  the  past  and  the  present  year,  and  were  only 
made  with  a  cloudless  sky,  as  the  slightest  cloud  occasioned  a 
marked  difference  in  the  deflections. 

In  all  such  experiments,  if  our  observations,  commencing  at 
the  line  D,  advance  to  the  ultra-red  end  of  the  spectrum,  the  de- 
flections, answering  to  the  heat-effects,  become  gradually,  but 
not  proportionately,  stronger,  until  they  attain  a  certain  maxi- 
mum, and  then  diminish  ;  and  this  takes  place  four  times.  We 
therefore  see  here  a  discontinuous  distribution  of  heat  in  the 
solar  spectrum  ;  namely,  the  ultra-red  rays  are  interrupted  in 
three  places  by  breaks  or  bands. 

This  want  of  continuity  was  proved  by  Sir  John  Herschel  in 
the  following  manner  (Phil.  Trans.  1840).  By  means  of  a  flint- 
glass  prism  he  threw^  a  spectrum  upon  paper  blackened  with  soot 
and  moistened  with  alcohol ;  and  by  the  time  of  drying  he  de- 
termined the  thermal  effect  of  the  spectrum.  He  at  the  same 
time  observed  that  the  moistened  surface  dried  in  a  series  of  four 
distinctly  separate  spots.  Herschers  chief  concern,  however, 
was  merely  to  ascertain  the  conditions  under  which  these  four 
spots  made  their  appearance.  He  observed  that  in  the  spectrum 
of  a  crown-glass  prism  they  were  less  distinctly  separated  from 
each  other,  and  that  in  the  investigation  of  the  solar  spectrum 
with  a  water  prism  they  were  only  feebly  expressed. 

The  existence  of  such  bands  in  the  ultra-red  rays  was  after- 
wards noticed  by  Eizeau  audFoucault  {Co7nptes  Rendus, vol. \xv.), 
in  their  Avell-known  experiments  on  the  interference  of  the  heat- 
rays.  I  know  of  no  other  observations  on  these  bands  in  the 
solar  spectrum.  At  least,  all  the  philosophers  w^ho  have  hitherto 
investigated  the  distribution  of  heat  in  the  solar  spectrum  with 
glass  prisms,  as  well  as  v.'ith  rock-salt  apparatus,  make  no  men- 
tion of  them,  and  still  as  previously  delineate  the  heat-curve  as 
continuous. 

These  bands  can  be  distinctly  observed  with  all  three  of  the 
above-mentioned  prisms ;  only  the  spectrum  must  be  perfectly 
pure. 

They  have  a  corresponding  position  in  the  spectra  of  all  three 
prisms,  and  only  differ  by  being  broader  when  the  prism  used 
has  greater  dispersive  power,  as  sulphide  of  carbon,  than  when 
it  has  less,  as  rock  salt. 

These  three  breaks  or  bands  are  not  of  equal  breadth ;  the 
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first  is  umch  more  sharply  sejiarated  from  the  second  than  tlie 
second  from  the  third.  It  njay  easily  lia|)j)u'n,  if  the  movement 
of  the  thermo-apparatus  be  not  sufficiently  delicate,  that  the 
second  and  third  appear  as  one  common  broad  break. 

Nevertheless  we  can  only  obtain  a  correct  notion  of  the  nature 
of  these  bands  from  experiments  with  rock-salt  apparatus,  be- 
cause the  ultra-red  rays  are  strongly  absorbed  by  glass.  At  the 
end  of  August  and  in  September  last,  when  we  here  had  very 
fine,  hot,  sunny  days,  I  made  many  experiments  on  this  point. 
At  that  time  I  could  examine  the  heat-spectrum  of  the  sun  be- 
tween 7a.m.  and  1  p.m.  ;  and  1  took  care  to  make  two  parallel 
experiments  in  one  forenoon — one  in  the  morning,  and  the  other 
about  noon.  In  each  such  experiment  I  traced  the  thermal 
effects  from  the  line  D  to  the  ultra-red  end,  to  where  the  heat- 
etfect  entirely  ceased  or  iiad  become  very  feeble. 

These  parallel  experiments  showed  that  the  breaks  become 
somewhat  narrower  with  increasing  altitude  of  the  sun.  They 
were  rather  deeper  on  the  days  when  the  relative  moisture  of  the 
air  was  greater.  But  the  observations  cited  are  at  all  events  not 
sufficient  to  permit  us  at  once  to  explain  them  as  atmospheric 
lines,  especially  when  we  take  into  consideration  that  the  appa- 
rent magnitude  of  these  breaks  may  possibly  have  depended  on 
the  variations  of  intensity  of  the  ultra-red  rays  at  different  hours 
of  the  forenoon.  In  order,  therefore,  to  decide  the  question 
whether  they  have  their  origin  in  our  atmosphere  or  in  that  of 
the  sun,  it  would  be  very  desirable,  in  the  first  place,  to  make  the 
experiments  on  the  solar  heat-spectrum  shortly  before  sunset — 
when,  it  is  well  known,  the  atmospheric  lines  of  the  luminous 
])art  of  the  spectrum  come  out  more  distinct, — and  also  on  high 
mountain-ridges,  where  the  disturbing  infiuence  of  the  humid 
atmosphere  of  our  regions  is  almost  entirely  excluded. 

From  the  above-mentioned  parallel  experiments  w^ith  rock-salt 
apparatus  it  clearly  follows  that  the  ultra-red  rays  of  the  atmo- 
sphere arc  strongly  absorbed.  In  this  absorption  of  the  ultra- 
red  rays  lies  the  reason  that  the  maximum  of  thermal  effect  in 
the  solar  spectrum  changes  its  position  with  increasing  altitude 
of  the  sun.  In  all  the  experiments  which  took  place  between  7 
and  10  A.M.  the  maximum  was  after  the  first  break,  and  was 
almost  exactly  as  far  from  the  line  D  as  this  latter  from  the 
line  F.  On  the  contrary,  in  many  of  the  experiments  made  to- 
wards noon  the  thermal  effect  after  the  last  break  was  quite  as 
great  as  that  maxinnim,  or  even  exceeded  it;  and  this  was  ob- 
served with  jjceuliar  distinctness  in  an  ex])criment  which  took 
j)lace  on  a  cool  day  in  October.  It  must  therefore  be  admitted 
that,  projjcrly,  here  (after  the  last  break)  is  the  place  where  in 
the  solar  spectrum  the  thermal  effect  first  attains  its  maximum. 
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This,  in  the  rock-salt  spectrum,  is  just  as  far  from  the  line  D  as 
the  latter  from  G. 

Of  the  four  different  maxima  of  thermal  effect  observed  by  us 
in  the  solar  spectrum,  in  most  of  our  experiments  the  first  alone 
kept  its  position,  while  the  other  three  moved  towards  the  red 
as  the  sun's  altitude  increased ;  consequently  the  first  break  ap- 
peared narrower  in  the  experiments  towards  noon  than  in  the 
morning  ones. 

It  is  very  probable  that  the  displacement  of  these  maxima 
resulted  from  a  change  in  the  refractive  power  of  the  rock-salt 
prism,  which,  in  the  experiments  towards  noon,  may  have  taken 
place  through  a  strong  heating  of  the  prism.  In  order  to  test 
this  supposition,  I  determined  the  minimum  deflection  for  the 
lineD  at  apartment-temperatures  of  5°  and  16°  C. ;  and  I  found 
that,  for  a  rock-salt  prism  of  60°  18'  refracting  angle^  the  de- 
flection was  about  2'  greater  at  16°  than  at  5°  C.  The  displace- 
ment of  the  maxima  in  my  experiments  is  rather  less  than  ^  mil- 
lim.,  which  corresponds  to  an  angle  that  can  be  obtained  by 
heating  the  rock-salt  prism  10°  C;  and  such  a  heating  could 
easily  take  place  in  my  noon  experiments,  since  the  temperature 
'  of  the  room  at  that  time  was  always  very  high. 

In  all  the  experiments  (which  were  made  with  the  three  prisms 
above  mentioned,  at  different  hours  of  the  forenoon,  and  at  dif- 
ferent seasons  of  the  year)  it  was  distinctly  seen  that  the  heat- 
effect  of  the  solar  spectrum,  having  attained  its  last  maximum 
(after  the  last  break),  suddenly  sinks.  This  was  especially 
distinct  in  the  experiments  made  about  noon  with  rock-salt 
apparatus.  I  will  further  particularly  mention  that,  in  these 
experiments,  neither  the  slit  which  was  placed  in  the  focus  of  the 
first  lens,  nor  the  double  slit  in  front  of  the  thermo-apparatus 
had  more  than  j  millim.  breadth;  further,  a  single  shifting  of 
the  thermo-apparatus  amounted  to  rather  less  than  }  millim. ; 
and  yet,  under  these  circumstances,  the  deflections  diminished 
one  half  at  the  place  after  the  last  maximum,  when  only  two 
such  shiftings  had  taken  place.  We  are  therefore  entitled  to 
ask.  Is  not  the  limit  of  refraction  situated  at  the  place  where  the 
heat-effect  of  the  solar  spectrum  attains  its  last  maximum  ?  and 
does  not  the  thermal  effect  observed  beyond  that  maximum  arise 
from  diffused  reflected  heat  ? 

In  order  to  exclude  the  effect  of  diffused  heat  in  the  investi- 
gation of  the  individual  parts  of  the  spectrum,  I  made  use  of  the 
method  proposed  by  Geh.  Rath  rielmholtz,  the  one  in  which  two 
prisms  are  employed,  and  by  which  he  made  the  ultra-violet 
rays  immediately  visible  to  the  eye  by  excluding  the  diffused 
light.  I  adopted  this  method  several  times  in  these  investiga- 
tions, especially  in  those  cases  in  which  it  was  necessary  to  sepa- 
rate the  luminous  from  the  obscure  heat. 
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Unfortunately  I  was  prevented  by  unfavourable  weather  from 
bringing  to  a  conclusion  the  investigations^  thus  comtnenced,  on 
the  Hinit  of  rcfrangibihty  ;  so  that  1  am  not  yet  in  a  position  to 
allege  direct  proofs  in  favour  of  the  above-mentioned  conjecture. 

As  regards  the  position  of  the  maximum  of  thermal  effect 
in  the  tlint-glass  spectrum,  it  also  is  found  outside  the  red. 
In  all  the  experiments  made  in  June  and  July,  I  found  it  before 
the  first  break  ;  in  those  made  in  October,  on  the  contrary,  it  was 
after  the  same.  In  the  different  positions  of  the  maximum  of 
heat-effect  in  the  solar  spectrum  may  also  lie  the  reason  that  the 
statements  of  the  various  investigators  on  the  subject  have  been 
so  different. 

When  in  the  solar  spectrum  we  trace  the  heat-effect  from  the 
line  D  into  the  luminous  portion,  the  deflections  decrease  gra- 
dually ;  with  my  arrangement  I  could  perceive  distinct  thermal 
action  beyond  the  line  G.  That  this  did  not  arise  from  diffused 
obscure  heat  was  ascertained  by  means  of  the  two-prism  method 
above  mentioned. 

From  my  experiments  I  have  projected  the  heat-curve  for  the 
solar  spectrum,  by  taking  the  deflection  for  the  maximum  as  100, 
and  reducing  the  others  to  this.  All  that  has  been  said  above 
can  be  readily  seen  in  such  a  curve  as  the  following,  which  re- 
presents the  distribution  of  heat  in  the  rock-salt  spectrum. 


If,  in  such  a  curve  from  the  experiments  with  rock-salt  appa- 
ratus, we  compare  the  part  corresponding  to  the  obscure  heat 
witii  that  which  corresponds  to  the  luminous,  we  find  that  the 
former  is  twice  as  great ;  yet  it  is  not  strictly  correct  to  reckon 
in  this  manner  the  ratio  of  the  amount  of  the  obscure  to  that  of 
the  luminous  heat,  because,  as  I  shall  further  show,  a  certain 
amount  of  diffused  obscure  heat  is  spread  over  the  luminous  part 
of  that  sj)eetrum. 

il.   Distribution  of  the  Heat  in  the  Spectrum  of  the  Lime- Light. 

These  ex|)eriments  were  carried  out  in  the  same  manner  as 
those  on  the  heat-spectrum  of  the  sun.  Between  the  incan- 
descent huie  cyhuder  and  the  slit  a  lens  of  short  focal  distance 
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was  placed,  and  at  twice  that  distance  from  each  of  them.  The 
distribution  of  the  heat  in  the  spectrum  of  the  lime-light  was 
likewise  investigated  both  witii  lliut-glass  jjrisms  and  with  rock- 
salt  apparatus. 

In  the  experiments  with  flint-glass  i)risms  I  was  obliged  to 
work  with  a  rather  broad  slit  (2  miUinis.),  as  the  thermal  effects 
were  very  feebly  exjjressed.  In  the  luminous  part  of  such  a 
spectrum,  I  could  only  verify  a  slight  heat-effect  in  the  red  and 
orange.  From  the  red  outwards  to  the  ultra-red  end  the  deflec- 
tions gradually  augmented  until  they  attained  a  certain  maxi- 
mum ;  then  a  gradual  diminution  conunenccd,  yet  without  that 
interruption  of  continuity  which  we  have  always  se(;n  in  the  solar 
s|)ect!um.  I  will  here  mention  that  Tyndall,  in  the  account  of 
his  well-known  experiments  on  "  Calorescence"  (Phil.  Trans. 
1866),  called  attention  to  the  circumstance  that  the  discontinuous 
distribution  of  heat,  first  observed  by  Sir  John  llerschel  in  the 
solar  spectrum,  does  not  exist  in  the  spectrum  of  artiflcial  sources 
of  light. 

On  comparing  the  distribution  of  heat  in  the  spectrum  of  the 
lime-light  with  that  in  the  solar  spectrum,  we  find  that  the  posi- 
tion of  the  maxinmm  of  heat-effect  is  much  further  from  the  end 
of  the  visible  red  in  the  former  than  in  the  latter.  In  other 
words,  with  the  feebler  sources  of  heat  the  intensity  of  heat- 
effect  attained  its  maximum  for  rays  of  greater  wave-length 
than  with  more  powerful  sources  of  heat.  Moreover  this  result 
was  to  be  expected ;  for  we  have  here  the  same  case  as,  for  ex- 
ample, in  the  incandescence  of  a  platinum  wire — namely,  that 
the  higher  the  temperature  of  the  incandescence  ascends,  the 
more  rays  of  less  wave-length  are  emitted  by  the  wire. 

Besides,  also  in  the  flint-glass  spectrum  of  the  lime-light  we 
do  not  observe  the  sudden  diminution  of  heat-cftect  which  we 
have  seen  in  the  solar  spectrum  ;  this,  I  believe,  was  merely  in 
consequence  of  the  slit  being  broad  in  our  ex[)eriments  with 
artificial  sources  of  light.  But  in  the  experiments  with  rock- 
salt  apparatus,  where  the  slit  was  not  so  broad  as  in  those  with 
flint-glass  prisms,  though  broader  than  in  the  corresponding 
experiments  on  the  heat-spectrum  of  the  sun,  after  the  maximum 
a  place  can  always  be  pointed  out  where  a  very  sudden  diminu- 
tion is  ])erceptible.  However,  as  was  remarked  above,  the  ques- 
tion as  to  the  existence  of  an  abrupt  diminution,  or  the  probable 
limit  of  refrangibility,  can  only  be  decided  by  the  two-prism 
method  and  the  employment  of  very  fine  slits. 

We  have  already  mentioned  that,  in  the  flint-glass  spectrum 
of  the  lime-light,  only  feeble  heat- effects  could  be  ascertained  in 
the  red  and  orange;  but  when  the  same  lime-light  was  amilyzed 
with  a  rock-salt  prism,  and  the  heat-effect  of  its  spectrum  inves- 
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tigated,  some  could  be  perceived  even  in  the  blue,  although  this 
spectrum  was  no  brighter  than  that  obtained  with  the  flint-glass 
prism.  Moreover  absorption-experiments  with  a  plate  of  flint 
glass  and  with  water  gave  a  very  distinct  apparent  absorption  of 
the  luminous  heat.  This  result  (which,  if  correct,  shows  that 
luminous  heat  is  not  absorbed  by  transparent  bodies  in  the  same 
proportion  as  light)  induced  me  to  investigate  very  carefully  the 
absorption  of  luminous  heat  by  flint  glass,  using  for  the  purpose 
the  above-mentioned  method  with  two  rock-salt  prisms.  Having 
in  this  way  separated  certain  homogeneous  rays  of  sunlight,  I 
compared  their  heat-effect  before  and  after  the  insertion  of  a 
plane-parallel  plate  of  flint  glass  so  arranged  that  the  rays  fell 
on  it  perpendicularly. 

Such  experiments  were  made  for  all  tiie  colours  of  the  solar 
spectrum  ;  and  the  absorption  of  heat  amounted  to  : — 

for  red      ...  12  per  cent. 

„  orange     .     .  10        „ 

„  yellow      .     .  7         „ 

„  green  ...  6        „ 

„  blue    ...  5         „ 

From  this  amount  of  absorbed  heat  it  is  necessary  to  deduct  the 
perpendicularly  reflected  heat,  which,  for  a  flint-glass  plate,  is 
equal  to  .5  per  cent,  of  the  total  incident  heat. 

It  still  remains  a  desideratum  to  try  photometrically  whether 
the  coloured  light  is  not  absorbed  in  the  same  proportion  ;  other- 
wise we  must  suppose  that  in  our  experiments  diffused  heat  was 
not  entirely  excluded. 

According  to  these  experiments,  then,  it  must  be  admitted 
that  the  strong  heat- effect  observed  in  the  luminous  part  of  the 
lime-light  spectrum  in  the  above-mentioned  experiments,  arose 
chiefly  from  heat-rays  which,  in  the  rock-salt  prisms,  as  in  turbid 
media,  were  deflected  by  diffuse  reflection. 

Experiments  were  also  made  on  the  absorption  of  the  ultra-red 
rays  by  transparent  bodies,  such  as  water,  glass,  mica,  quartz, 
and  calc-spar.  From  the  end  of  the  visible  red  to  the  place  in 
the  ultra-red  part  where  thermal  action  quite  ceased  or  at  least 
was  very  feeble,  the  heat-effect  was  compared  before  and  alter 
the  insertion  of  the  bodies  mentioned.  It  now  appeared  that, 
as  McUoni  (l*ogg.  Ann.  1832)  had  i)reviously  found  with  respect 
to  water,  the  ultra-red  rays  in  passing  through  transparent  bodies 
suffer  a  greater  loss  the  less  their  rejrangibititij.  In  regard  to  the 
displacement  of  the  maximum  in  the  spectrum  of  the  lime-light 
after  the  insertion  of  the  above-mentioned  bodies,  it  depemls  on 
the  thickness  o(  the  body  inserted.  For  example,  a  layer  of 
water  of  2  nnllims.  thickness   caused   no  displacement  of  the 
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maximum  ;  while  a  distinct  displacement  occurred  with  a  layer 
of  10  millims.  thickness. 

Permit  me  to  add  one  remark,  that,  from  all  the  experiments 
I  have  made  on  the  ultra-red  rays  of  the  solar  spectrum  in  differ- 
ent hours  of  the  forenoon,  I  hold  myself  justified  in  the  assump- 
tion that  the  absorptive  part  of  the  atmosphere  follows  the  same 
law  ;  for  I  have  always  seen  that  the  intensity  of  the  rays  of  less 
refrangibility  was  always  less  in  the  morning,  when  the  solar 
rays  had  to  travel  a  much  longer  path  through  our  humid  atmo- 
sphere, than  towards  noon. 


XXXIV.   On  the  Theory  of  the  Aberration  of  Light. 
By  Professor  Challis,  M.A.,  LL.D.,  F.R.S.* 

SINCE  the  publication  of  my  "  Note  on  the  Aberration  of 
Light "  in  the  Number  of  the  Philosophical  Magazine  for 
June  1855,  several  experiments  have  been  made  for  the  purpose 
of  settUng  a  question  which  was  incidentally  adverted  to  in  that 
communication — namely,  whether  or  not  any  effect  is  produced 
on  the  amount  of  aberration  by  the  transmission  of  the  light 
through  the  lenses  of  the  telescope.  The  experiments  I  refer  to 
are: — those  of  M.  Klinkerfues,  described  in  a  pamphlet  entitled 
Die  Aberration  der  Fixsterne  nach  der  Wellentheorie,  which  was 
published  at  Leipsic  in  1867;  those  of  M.  Hoek,  the  details  of 
which  are  given  in  No.  1741  of  i\\e  A&tronomische  Nachrichten  ; 
and  the  experiments  made  last  year  at  the  Greenwich  Observa- 
tory, the  results  of  which  are  stated  by  the  Astronomer  Royal  in 
No.  130  of  the  'Proceedings  of  the  Iloyal  Society^  (p.  35), 
where  also  reference  is  made  to  the  discussion  of  the  question 
by  the  two  experimenters  just  named.  Each  of  these  sets  of 
experiments  was  made  with  a  telescope  the  tube  of  which  was 
filled  through  a  certain  length  with  a  fluid.  M.  Klinkerfues, 
who  used  oil  of  turpentine,  pointed  his  telescope  to  the  sun  and 
to  stars,  and  supposed  that  his  observations  gave  considerable 
aberration  due  to  the  fluid.  M.  Hoek  contested  this  inference  in 
Nos.lG69andl741  of  ih^Astronomische Nachrichten,  and  showed 
that  with  a  telescope  partly  filled  with  water  and  directed  to  a 
terrestrial  object  no  aberration  could  be  detected.  This  result, 
however,  did  not  conclusively  prove  that  no  aberration  due  to 
the  w^ater  would  have  been  obtained  if  the  telescope  had  been 
directed  to  a  star.  The  Greenwich  observations  were  made 
entirely  on  7  Draconis,  and  gave,  on  being  reduced,  an  amount 
of  aberration  not  sensibly  differing  from  that  in  the  '  Nautical 
Almanac,'  and  thus  showed  that  very  little  or  no  aberration  was 

*  Communicated  by  the  Author. 
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produced  by  the  water.  Having  stated  these  experimental  Je- 
suits, I  proceed  to  discuss  generally  the  Theory  of  Aberration, 
with  reference  more  especially  to  the  effect  of  a  water-column  in 
the  tube  of  the  telescope. 

It  will  be  proper  first  to  define  particularly  the  optical  centre 
and  axis  of  an  optical  instrument.  In  the  ease  of  a  reflector 
having  a  circular  object-mirror,  the  surface  of  which  is  spherical, 
the  axis  is  perpendicular  to  the  mirror  at  its  middle  point ;  and 
this  point  is  the  optical  centre  of  the  instrument,  because  the 
axes  of  all  centrical  beams  from  points  of  the  object  pass  through 
it,  as  do  also  the  axes  of  all  the  corresponding  reflected  beams. 
In  a  refractor,  such  as  an  astronomical  or  a  Galilean  telescope, 
the  optical  centre  of  the  lens  on  which  the  centrical  beams  from 
the  points  of  the  object  are  immediately  incident  is  the  optical 
centre  of  the  instrument,  because  that  ])oint  is  unique  in  the 
respect  that  the  straight  line  joining  the  foci  of  each  set  of  inci- 
dent and  refracted  centrical  beams  passes,  quam  proxime,  through 
it.  No  such  point  belongs  to  the  second  glass  of  a  compound 
object-glass,  nor  to  the  combination  of  the  two,  if  they  have  dif- 
ferent refractive  powers.  This  optical  centre,  or  its  position, 
will  be  designated  by  the  letter  0.  The  axis  of  a  refractor  cuts 
the  surfaces  of  all  the  lenses  and  mirrors  at  right  angles. 

Next  it  is  to  be  observed  that  any  aberration  that  may  be 
due  to  water  in  the  telescope-tube  is  not  produced  by  the  change 
oidh'ection  which  the  rays  undergo  by  ordinary  refraction  through 
the  water,  because  the  column,  supposed  to  be  symmetrical  with 
respect  to  the  axis  of  the  instrument,  only  acts  like  an  additional 
lens,  altering  the  focal  length  of  the  telescope  by  changing  the 
direction  of  the  rays,  just  as  the  second  lens  of  the  object-glass 
alters  it  by  being  combined  with  the  first.  There  is  no  more  rea- 
son to  attribute  any  aberrational  effect  to  the  refraction  pro- 
duced by  the  water  than  to  that  produced  by  the  second  lens, 
or  any  other  lens  of  the  instrument.  The  change  of  focal  length 
has  no  effect  on  the  amount  of  aberration,  for  the  reason  that 
aberration  is  sensibly  the  same  in  a  long  telescope  as  in  a 
short  one. 

In  refracting  telescopes  the  axis  of  a  pencil  of  rays  which  pro- 
ceeds from  an  external  point  P  and  eventually  forms  an  image  in 
the  field  of  view,  may  generally  be  assumed  to  be  coincident, 
befoie  incidence  on  the  object-lens,  with  the  axis  of  the  centrical 
beam  of  which  the  pencil  is  a  part,  and  consequently  to  pass 
through  0,  the  optical  centre  above  defined.  After  transmission 
through  the  Jirst  glass,  the  ])eneil  would  form,  if  its  course  were 
not  eiiang(  d  Ijy  the  second  glass,  an  image  at  a  ])oint  Q  on  the 
line  P  0  produced.  In  the  case  of  a  telescope  such  as  the  Gali- 
lean, the  axis  of  the  original  pencil  fromP  is  not  coiucideut  with 
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the  axis  of  the  beam  incident  on  the  object-lens,  and  conse- 
quently does  not  pass  through  0,  the  optical  centre.  Yet,  as  is 
known  from  optics,  if  it  vveie  not  diverted  from  its  course  by  the 
second  lens,  it  would  form  an  image  at  some  point  Q  in  P  O 
produced.  Supposing,  therefore,  0  A  to  represent  the  direction 
of  the  pointing  of  the  axis  in  the  case  of  any  i-efracting  telescope, 
according  to  optics  the  course  of  the  ray  from  the  point  P  to 
the  point  where  the  image  of  P  is  formed  in  the  field  of  view  is 
made  up  of  rectilinear  parts  determined  as  to  position  by  the 
lenses  or  mirrors  of  the  instrument,  and  inclined  to  the  axis  by 
angles  having  to  the  angle  FOA  certain  constant  ratios  independent 
of  the  particular  position  of  P.  Now,  from  what  has  been  argued 
respecting  the  water-column,  this  theorem  is  as  applicable  to  the 
part  of  the  course  which  lies  within  the  water  as  to  the  other 
parts,  and  is  therefore  true  with  respect  to  the  inclinations  of 
those  rays  to  the  axis  which  finally  form  the  image  in  the  field 
of  view  of  the  telescope. 

When  fixed  or  movable  micrometer-wires  or  graduated  scalea 
are  placed  in  the  field  of  view  so  as  to  be  distinctly  visible  toge- 
ther with  the  image  of  the  object  for  the  purpose  of  takmg  mea- 
sures, the  usual  mode  of  determining  the  value  in  arc  of  the  mi- 
crometer-revolution, or  scale-interval,  by  transits  of  a  star  (as 
was  done  in  the  Greenwich  experiments),  gives  the  means  of  con- 
verting the  final  inclinations  of  the  rays  to  the  axis  into  the 
inclinations  P  0  A  corresponding  to  celestial  arcs,  and  virtually 
transfers  the  image  in  the  field  of  view  to  a  point  Q'  in  P  0  pro- 
duced, the  distance  of  which  from  0  is  very  nearly  the  same  as 
that  of  the  actual  image.  As  far  as  aberration  is  concerned,  it 
makes  no  difference  whether  we  take  the  actual  position  of  the 
image  or  the  virtual  position  in  P  0  produced.  For  the  sake  of 
simpUcity  I  shall  always  suppose  the  image  to  be  in  the  virtual 
position. 

It  has  been  supposed  that  the  direction  of  a  ray  refracted  by 
the  object-glass  of  a  telescope  may  be  in  some  degree  altered  by 
the  motion  which  the  glass  has  relative  to  the  course  of  the  inci- 
dent ray  in  consequence  of  the  earth^s  orbital  motion.  But 
since  the  refraction  at  any  small  portion  of  a  curved  surface 
takes  place  ultimately  as  if  that  portion  coincided  with  a  tan- 
gent-plane, the  curvature  only  determining  the  degree  of  con- 
vergency  of  the  refracted  pencil,  it  follows  that  the  direction  of 
the  refracted  ray  is  not  altered  by  the  motion  of  the  surface,  even 
if  there  be  physical  reasons  for  concluding  that  the  change  of 
direction  from  that  of  incidence  to  that  of  refraction  is  not  in- 
stantaneous, but  occupies  a  very  small  interval  of  time,  provided 
always  that  there  is  no  sensible  angular  motion  of  the  refracting 
surface.     Hence  also  the  motion  of  the  object-lens  produces  no 
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perceptible  change  in  the  position  of  its  optical  centre,  that  po^ 
sition  being  determined  by  refractions  at  surfaces  which  may 
be  regarded  as  plane  and  parallel.  Consequently  the  motion 
of  the  telescope  has  no  aberrational  effect.  In  fact,  the  experi- 
Dicnt  of  M.  lloek  gave  no  indication  of  aberration  from  this 
cause,  although  it  was  well  adapted  for  detecting  it,  inasmuch 
as  the  sign  of  such  aberration  would  have  been  different  according 
as  the  telescope  was  directed  northward  or  southward. 

AVhat  has  been  said  in  the  four  preceding  paragraphs  with 
respect  to  a  refracting  telescope  is  applicable,  mutatis  mutandis, 
to  a  reflector. 

From  the  foregoing  general  considerations  I  proceed  to  the 
theory  of  aberration,  as  it  respects  especially  the  experiments 
made  with  water  in  the  tube  of  the  telescope.  In  speaking  of 
the  motion  of  the  telescope  or  of  its  optical  centre,  it  is  to  be 
understood  that  the  actual  motion  resolved  perpendicularly  to 
the  direction  of  the  pointing  of  the  telescope,  which  is  the  same 
as  the  product  of  the  earth's  motion  and  the  sine  of  the  ''earth's 
way,"  is  alone  taken  into  account,  the  part  resolved  along  the  di- 
rection of  vision  being  ineffective  as  regards  aberration. 

Taking,  first,  the  case  of  M.  Hoek's  experiment,  in  which  the 
telescope  was  directed  in  or  near  the  meridian,  both  northward 
and  southward,  about  noon  or  midnight,  to  an  object  which  could 
be  made  to  revolve  about  a  vertical  axis  with  the  telescope,  let 
0  and  P  (tig.  1)  be  the  positions  of  the  optical  centre  and  the 
object  at  a  given  instant,  and  let  the 
straight  line  joining  O  and  P  be  a  pro- 
longation of  the  axis  of  the  telescope. 
Then  the  ray  which  at  the  given  instant 
arrives  at  0  must  have  left  the  object 
when  it  had  a  position  P'  such  that  if 
the  earth's  motion  be  in  the  direction 
from  P'  to  P,  the  Une  P'  P  is  to  P'  0  as 
the  velocity  of  the  object  to  the  velocity 
of  light.  Although  the  direction  P'O  of 
the  incident  ray  is  inclined  to  the  axis- 
dircctioii  0  P,  according  to  the  antece- 
dent argument  the  ray  forms  an  image 
which  may  be  assumed  to  be  at  some 
point  V>\  in  P'  0  produced.  Leaving 
at  first  out  of  account  any  retardations 
of  the  light  resulting  from  the  transmissions  through  the  water 
and  the  lenses,  while  the  light  is  propagated  from  O  to  W,  let 
the  object  move  from  P  to  a  j)oint  P,  in  P'P  produced,  and  let 
the  optical  centre  move  through  an  equal  parallel  space  0  0,. 
^e  shall  thus  have  the  ratio  of  W^  0  to  0  0,,  the  same  as  that 
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of  0  P'  to  P'  P ;  so  that  W,  0„  which  is  necessarily  the  instru- 
mental  direction  of  the  object  at  the  instant  the  image  is  seen  at 
Wj,  is  parallel  to  0  P  and  points  to  P,,  the  position  of  the  ob- 
ject at  that  instant.     Hence  there  is  no  aberration. 

Supposing,  now,  the  ray  to  be  retarded  by  passing  through  the 
lenses  and  the  water,  the  argument  above  referred  to  shows  that 
the  image  of  the  object  may  still  be  assumed  to  be  at  some  point 
W,  in  P'  0  produced,  although  the  distance  0  W,  will  not  be 
the  same  as  before.  Draw  P,  0^  W,  parallel  to  P  0.  Then 
during  the  passage  of  the  light  from  0  to  W,  the  object  moves 
through  a  space  P  V^  greater  than  P  P,,  and  the  optical  centre 
through  a  space  0  0^  equally  greater  than  0  0^.  Thus  the  in- 
strumental line  of  collimation  is  W,  O-2,  which  does  not  point 
to  Pg ;  and  consequently,  if  Pg  Og  Wg  be  drawn  parallel  to 
PjOiWj,  there  is  a  forward  aberration  equal  to  the  angle 
W,  OgWg.  But  M.  Hoek  found  no  aberration,  the  reading  of 
the  micrometer  for  bisection  of  the  object  being,  quam  proximef 
the  same  whether  the  telescope  was  directed  northward  or  south- 
ward ;  whereas  if  such  aberration  existed,  it  would  have  had  op- 
posite signs  in  the  two  positions  of  the  telescope.  '*'o  account 
for  this  fact  it  is  necessary  to  admit  that  the  ray,  after  passing 
through  0,  is  dragged  by  the  water  and  the  lenses,  so  that  the 
image  is  formed  at  a  point  W^  such  thatW,W2=0,  63  =  Pj  Pa* 
The  instrumental  direction  of  vision  thus  becomes  Wg  0,2  pointing 
to  the  object  P2 ;  and  hence  there  is  no  aberration.  I  shall  pre' 
sently  endeavour  to  give  a  theory  of  this  dragging  of  the  ray. 

In  the  case  of  the  Greenwich  experiment,  in  which  the  tele- 
scope was  directed  to  a  star,  let  0  (hg.  2)  be  the  position  of  the 


Fig.  2. 


optical  centre  at  any  instant,  and  let 
OS,  pointing  to  the  star,  be  in  the  direc- 
tion of  the  prolongation  of  the  axis. 
Then  the  pencil  of  rays  which,  starting 
from  S,  arrives  at  0  at  the  same  instant 
that  the  optical  centre,  moving  in  the 
direction  from  0'  to  0,  arrives  at  the 
same  point,  proceeds  to  form  an  image 
at  some  point  Wj  in  S  0  produced.  In 
the  case  of  no  retardation  by  the  lenses 
and  the  water,  let  the  optical  centre 
move  from  O  to  Oj,  while  the  light  by 
which  the  image  is  seen  at  W^  is  pro- 
pagated from  0  to  Wp  Then,  since 
WjO,  is  the  instrumental  direction  of 
the  star  at  the  instant  of  the  bisection 
of  its  image  at  W^,  the  aberration  is  the 
angle  OWjO,,  the  value  of  which  is 
that  given  by  the  usual  formula  of  correction  for  aberration 
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Supposing  the  ray  to  suffer  retardation  by  passing  through 
the  lenses  and  through  a  column  of  water  in  the  telescope-tube, 
the  image  of  S  may  still  be  assumed  to  be  at  some  point  W, 
in  S  0  produced,  although  at  a  different  distance  from  0.  Draw 
W,  0,  making  the  same  angle  with  0  Wj  as  in  the  case  of  no 
retardation.  Then,  by  reason  of  the  retardation,  the  optical 
centre  moves  through  a  space  0  O2  greater  than  0  Oj,  and  thus 
there  would  appear  to  be  the  additional  aberration  0,  W,  0^. 
But  M.  Hoek's  experiment  proves  that  this  amount  of  aberration 
is  exactly  neutralized  by  the  dragging  of  the  ray,  the  effect  of 
which  is  to  shift  the  position  of  the  image  from  Wj  to  a  point  Wj 
such  that  Wj  Wg  is  parallel  and  equal  to  0^  O.^.  Accordingly  the 
instrumental  direction  of  the  star  isWgOg,  which  is  parallel  to 
Wj  Oj  ;  so  that  the  aberration  is  the  same  as  if  the  lenses  and  the 
water  had  no  effect.  This  agrees  with  the  result  of  the  Greenwich 
experiment. 

There  remains  the  question,  What  is  the  cause  of  the  dragging 
or  displacement  of  the  ray  ?  and  why  is  the  amount  of  displace- 
ment just  equal  to  the  increment  of  the  aberration  due  to  the 
lenses  and  the  water  ? 

According  to  the  view  I  take  of  the  Undulatory  Theory  of 
Light,  this  question  appears  to  admit  of  the  following  answer. 
I  have  constantly  maintained  that  the  propagation  of  light  is 
caused  to  be  slower  in  a  medium  than  in  vacuum  simply  by  the 
obstacle  to  the  free  movement  of  the  rether  due  to  the  reflex 
action  of  the  finite  atoms  of  the  medium,  the  effect  of  this  action 
at  any  given  point  being  the  result  of  reflections,  unaccompanied 
by  sensible  condensation,  from  a  vast  number  of  neighbouring 
atoms.  Thus  although  the  actual  elasticity  of  the  sether  may  be 
the  same  within  the  medium  as  outside,  there  is  by  this  action 
an  apparent  dimij^iution  of  elasticity,  in  consequence  of  which 
the  relation  v  =  rt'cr  between  the  velocity  v  and  condensation  a  of 

the  fluid  out  of  the  medium  is  changed  to  v=  —  (t  within,  n 

being  the  refractive  index  of  the  medium  and  a'  the  rate  of  pro- 
pagation of  light  in  vacuum.  But  this  being  the  case  when  the 
jcthcr  is  in  motion  and  the  medium  at  rest,  there  must  be  a  cor- 
responding action  when  the  medium  is  in  motion  and  the  fluid 
at  rest.  The  two  actions  are  not,  however,  immediately  compa- 
rable one  with  the  other — because,  with  respect  to  movements 
communicated  to  the  ffither  by  the  atoms  of  the  medium,  there 
is  no  parameter  of  the  same  order  as  \  in  light-undulations,  on 
the  value  of  which  the  amount  by  which  the  propagation  is  re- 
tarded within  the  medium  depends,  being  greater  as  \  is  less. 
We  may,  however,  regard  the  impulsive  action  of  the  atoms  as 
an  extraneous  impressed  force,  which,  if  measured  in  the  same 
manner  as  the  elastic  force  of  the  a-'ther,  will  be  proportional, 
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ceteris  paribus,  to  the  square  of  the  earth^s  velocity,  because  the 
motion  of  the  aether  which  it  generates  is  propagated  in  space 
with  that  velocity,  inasmuch  as  it  travels  with  the  earth.  Bat 
besides  this,  such  impressed  force  evidently  vanishes  if //.  =  !. 
Therefore,  putting  V  for  the  earth^s  velocity,  let  us  assume  that 
•this  force  acting  in  the  direction  0  Oj  (figs.  1  and  3)  is  measured 

•  by  V*^(l )  .     Then  on  the  same  scale  the  elastic  force  in 

'OW,  is  measured  by  —;^.     The  former  force  would  give  rise  to 

a  velocity  of  propagation  equal  to  V  I  1 \    in  the  direction 

a'  . 
0  Op  and  the  latter  to  a  velocity  of  propagation  —  in  the  dlrec- 

tion  0  W,.  Consequently,  if  the  angle  Wj  OWg  be  equal  to  the 

ratio  of  V  (  1 j  to  — ,  or  — ,  (/u.~l),  the  resulting  direction 

of  propagation  will  be  in  0  W^.  This  in  fact  is  the  value  of  that 
angle  which,  as  already  shown,  satisfies  the  phenomena  of  aber- 
ration. Hence  the  dragging  of  the  ray  assumed  in  the  theory 
of  aberration  is  in  this  manner  accounted  for  on  the  Undulatory 
Theory  of  Light. 

Independently  of  the  truth  of  the  foregoing  theoretical  expla- 
nation, it  may  safely  be  asserted  to  be  a  consequence  of  the  an- 
tecedent argument  respecting  aberration,  that  whatever  accounts 
for  the  displacement  of  the  ray  in  M.  Hoelc's  experiment  accounts 
for  it  also  in  the  Greenwich  experiment,  and  that  the  fact  that 
no  aberration  beyond  the  usual  amount  was  obtained  by  the 
latter  necessarily  results  from  the  non-existence  of  aberration 
established  by  the  other. 

Cambridge,  March  16,  18/2. 


XXKV.  An  Attempt  to  Account  for  Anomalous  Dispersion  of 
Light.     By  Oscar  Emil  Meyer*. 

IN  this  memoir  I  communicate  a  theory  which  I  projected  in 
the  year  1863,  to  account  for  the  anomalous  dispersion 
which  was  then  known  only  in  the  case  of  the  metals  and  the 
vapour  of  iodine.  I  have  hitherto  refrained  from  publishing  it, 
because  it  did  not  appear  to  me  quite  satisfactory.  But  I  think 
that  I  ought  no  longer  to  withhold  it,  now  that  the  discovery  of 

*  Translated  from  a  separate  copy,  communicated  by  the  Author,  from 
PoggendorfF's  Annalen,  vol.  cxlv.  pp.  80-86. 
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anomalous  dispersion  iu  a  very  great  number  of  substances  has 
turned  general  attention  to  the  subject. 

Anomalous  dispersion  of  light  aj)pears  to  occur  only  in  xttOsc 
bodies  which  very  strongly  absorb  light,  so  as  to  be  almost 
opaque.  This  coincidence  is  the  more  striking,  as  at  the  same 
time  other  optical  properties  are  almost  always  found  in  combi- 
nation with  these  two  :  namely,  the  bodies  exhibit  likewise  elliptic 
polarization  of  the  reflected  light,  and  frequently  a  surface-colour 
different  from  the  body-colour. 

That  elliptic  polarization  and  anomalous  dispersion  are  com- 
bined in  the  case  of  metals  was  observed  by  Brewster*.  In 
Cauehy's  theory  of  metallic  reflectionf  elliptic  polarization  ap- 
pears to  be  necessarily  united  with  strong  absorption,  i.  e.  opa- 
city; this  we  learn  from  the  structure  of  his  formuUc,  in  which, 
to  the  ])eriodic  functions  rejiresenting  the  oscillations,  exponen- 
tial functions  are  added  which  measure  the  weakening  of  the 
light.  It  is  moreover  well  known  that  several  metals,  and  gold 
above  all,  transmit  light  of  a  different  colour  from  that  which 
they  reflect — that  is,  possess  a  body-colour  different  from  the 
colour  of  their  surface. 

The  same  number  of  properties  are  found  united  in  other 
classes  of  bodies  besides  the  metals — namely,  in  the  many 
strongly  coloured  substances  whose  anomalous  dispersion  has 
been  observed  by  LerouxJ,  Christiansen §,  Kundl||,  and  Soret^. 
Among  these  bodies,  Carthamin  must  above  all  be  mentioned 
as  that  substance  of  which  all  those  properties  have  been  clearly 
demonstrated.  Stokes  in  1853**  referred  to  the  close  connexion, 
in  these  bodies,  between  elliptic  polarization  of  reflected  light, 
their  different  body-  and  surface-colours,  and  their  strong  ab- 
sorptive power.  Since  Kundt  has  now  recently  indicated,  in  his 
first  memoir,  the  connexion  of  anomalous  dispersion  with  the 
surface-colour,  and,  in  his  second  and  third,  with  the  absorption 
of  light,  it  can  hardly  be  doubted  that  all  these  properties  occur 
simultaneously  in  non-metallic  bodies  also. 

It  is  natural  to  regard  as  causal  the  most  striking  of  these 
])roj)erties,  that  which  shows  itself  most  distinctly  with  all — 
that  is,  opacity.  This  will  be  most  simply  explained  by  the  hy- 
pothesis of  a  resistance  undergone  by  the  oscillating  particles  of 

*  Pliil.  Trans.  IS.'^O,  p.  325.     Pogg.  Ann.  vol.  xxi.  (18.31). 

t  Coviptes  Rcucliis,  vol.  viii.  p.  .'JS;:!  (1839).  Compare  Beer,  Vo^g.Ann, 
vol.  xci.  p.  .0()1  (1S54);  and  F.  EisenloLr,  Pogg.  Ami.  vol.  civ.  p.  368, 
(1858). 

X  Cowptps  Revdus,  vol.  Iv.  p.  120.     Phil.   Mag.  S.  4.  vol.  xxiv.  p.  245» 

§  Po-.'g. /]««.  vol.  cxliii.  p.  250(1871).     Phil.  Mag.  S.  4.  vol.  xli.  p.244. 

II   Pogg.  Ann.  vol.  cxl.]).  1()3;  vol.exliii.  p.  25!^;  vol.  rxliv.  p.  128(1871). 

il  Arch,  lies  Sc.  Phys.  Marcli  1871.     Pogg.  Jhh.voI.  cxliii.  p.  325. 

**  Phil.  Mag.  S.  vol.  vi.  p.  293.     Pogg.  Ann.  vol.  xci.  p.  300. 
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aether  in  such  media.  This  resistance  must  depend  on  the  velo- 
city of  the  particles,  and  vanish  with  them.  On  the  sujjposition 
of  small  amplitude  and  consequently  little  velocity  of  the  oscilla- 
tions, the  assumption  that  these  resisting  forces  are  proportional 
to  the  velocities  appears  perfectly  safe. 

A  so  much  the  more  weighty  doubt,  however,  must  arise  as 
to  whether  the  seat  of  the  assumed  force  is  in  the  ponderable 
matter,  or  whether  the  force  upon  an  oscillating  aether-particle 
is  exerted  by  the  neighbouring  particles  of  aether.  In  the  fia'st 
case  we  may  without  hesitation  regard  the  ponderable  particles 
as  motionless,  and  accordingly  we  have  to  suppose  this  force  pro- 
portional to  the  absolute  velocity  of  the  aether-particle  on  which 
it  operates.  In  the  other  case,  on  the  contrary,  considering  the 
force  a  reciprocal  operation  of  the  oscillating  particles  of  aether, 
we  must  suppose  its  value  proportional  to  their  rc/«^2re  velocities. 
The  latter  hypothesis  thus  leads  to  the  assumption  of  an  infernal 
friction  in  the  luminous  aither  of  semitransparent  media,  while 
the  former  hypothesis  introduces  a  force  comparable  to  what  is 
called  the  external  friction  of  liquids. 

As  is  well  known,  the  differential  equation  for  a  plane  undu- 
latory  motion  is 

In  this,  V  denotes  the  displacement  which  exists  at  the  time  t, 
in  a  plane  at  the  distance  w  from  the  origin  of  the  undulations; 
/i  is  a  constant.     The  equation  is  solved  by  the  formula 
v  =  A  cos  [oit  —  ^x)  -1-  B  sin  («/  —  ^x) , 

in  which  A,  B,  k,  /3  are  constant  quantities.  The  two  latter  are 
so  related  that 

and  this  relation  teaches  that  fi  is  the  velocity  of  propagation  of 
the  wave.  Taking  as  unit  the  velocity  in  vacuo,  the  index  of 
refraction 

a       fi 

After  the  new  hypothesis,  the  above  differential  equation  has  to 
be  completed  by  an  additional  term,  which  is  either 
dv  d^v 


— K^rr  or  v  ■ 


dt  dt  dx^ 

according  to  whether  the  one  or  the  other  hypothesis  be  adopted. 
K  and  V  are  constant  quantities  of  positive  value;  the  latter  was 
named  by  Stokes*  the  index  of  friction ;  the  former  might  ana- 
*  Cairb.  Phil.  Soc.  Tr.vol.  ix.  pt.  2.  p.  1/. 


«'=S  =  o^(l+^-l  +  '^'«- 
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logously  be  called  the  index  of  the  external  friction  of  the  aether 
on  the  ponderable  molecules. 

According  to  the  first  of  the  two  hypotheses,  we  have  there- 
fore to  put 

d^v  _  qd%        dv 

dF~^  d^^~'^di' 

This  equation  is  satisfied  by  the  function 

r=  [A  cos  (a/  — |Sa?)  +B  sin  {at—^x)']e-y' 
when  between  the  constants  ct,  yS,  y  the  relations 

subsist.     Hence  we  obtain 

2/i'2/3^ =«'(!+  \/r+^V^) , 

and  further,  for  the  determination  of  the  quotient  of  refraction 
n,  taking  as  unit  tlie  velocity  of  light  in  empty  space, 

Putting  now 

«T=27r, 

T  is  the  time  of  an  undulation  of  the  ray  ;  this,  however,  with 
the  chosen  unit  of  velocity,  is  equal  to  the  wave-length  \  in 
vacuo, 

T=X, 
so  that  we  may  also  put 

«X,  =  27r. 

We  have  therefore,  according  to  this  hypothesis, 

According  to  this  formula,  with  increasing  value  of  the  wave- 
length \  the  ratio  of  refraction  likewise  becomes  greater.  This 
law  is  exactly  the  opposite  of  the  ordinary  law  of  dispersion,  and 
therefore  comprehends  anomalous  dispersion. 

To  an  altogether  similar  result  we  are  conducted  by  the  other 
theory,  which  assumes  internal  friction  of  the  aether.  The  dif- 
ferential equation  here  is 

d^v        a  d%  d%  » 


dt^  ~^  dx''  '     dtdx"" 
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This  equation  also  is  integrated  by  the  fuuctio  n 

v-[_k  cos  («^— /3a:)  +B  sin  («/— ^^)je-v* ; 
but  a,  (S,  7  have  to  satisfy  the  equations 

Hence  we  obtain,  for  the  quotient  of  refraction  n, 

"■    —        o  —  1       A     .       o    a       \^  9. 


so  that  -according  to  this  theory  also,  if  we  again  put 

dK  =  2ir, 
there  results  for  the  quotient  of  refraction  n  an  expression, 

„2_,  /*^  ,1  1 


''^■^(^T  V''*-C 


2wY^ 

a"/ 


which  with  increasing  wave-length  X  becomes  itself  of  higher 
value. 

Accordingly  both  theories  explain  anomalous  dispersion  of 
light,  and  both,  too,  from  hypotheses  which  find  their  justifica- 
tion in  the  opacity  of  the  medium.  At  the  same  time  elHptic 
polarization  of  light  results  from  both  theories ;  for  the  formula 

«=  [Acos  (a^— /Sa?)-f-B  sin  («^— /3.r)]e-v^ 

is  the  very  one  on  which  Cauchy  grounded  his  theory  of  metalHc 
reflection. 

Our  theories,  however,  fail  us  in  one  important  point.  It 
results  from  the  values  of  7  in  both  cases  that  the  light  of  shorter 
wave-lengths  is  more  strongly  absorbed  than  that  of  greater 
wave-lengths.  Those  bodies  should  therefore  all  appear  red  by 
transmitted  light. 

Further,  on  numerical  comparison  of  the  above  formulae  with 
the  observations  of  Jamin"^on  metals,  and  those  of  Christiansen 
on  Fuchsine,  we  find  no  satisfactory  agreement. 

The  preceding  theory,  therefore,  does  not  yet  completely  ex- 
haust the  subject.  But  since  it  gives  an  account  of  the  most 
important  circumstances,  I  hold  it  to  be  correctly  founded,  and 
I  hope  to  be  able  to  carry  it  further  as  soon  as  observation  shall 
■  have  given  us  a  more  perfect  knowledge  of  the  laws. 

Breslau,  Christmas  1871. 

*  Ann.  de  Ch.  et  de  Ph.  Srd  scries,  vol.  xix.  j  Pogg.  Ann.  Erg,  Band  ii. 
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XXXVI.  On  Hyperdisiribvtives.  By  Sir  Jaimes  Cockle,  F.R.S., 
Cvrrespundiuy  Member  of  the  Literary  and  Philosophical  Society 
of  Manchester,  President  of  the  Queensland  Philosophical 
Society,  ^t.* 

1.   T   ET  u  and  a  in 

^  e{u)  +  eia)=e{u+a) (i) 

be  regarded  only  as  recipients  of  suffixes,  so  that  6{u)  is  a  func- 
tion, not  of  u,  but  of  independent  symbols  ti^,  ?/j,  t/^,  ... ,  and 

e{u)=d{v^,u^,n.^,..) (2) 

2.  Tut 

e{u-\-a)=e{A^,A„A^,..)       .     .     .     (3) 
wherein 

K=i^  +  ^')r (4) 

Then,  when  we  can  interpret  A^  so  as  to  obtain  uniform  results, 
the  function  6  may  be  called  a  hyperdistributive. 

3.  If 

A, „  =  ?/„,  + 7;w„,_  ic, +  .. +c,„,        ...     (5) 

where  the  dexter  is  obtained  from  the  development  of  (u  +  a)"^ 
by  changing  exponents  into  suffixes,  uniform  results  may  be  ob- 
tained. 

4.  Let,  generally, 

0,{u)  =  u„ (6) 

Oo{u)  =  v.^-ul, (7) 

e^{u)z=7iQ—3ii^Vc,  +  2ul, (8) 

^4(w)  =  ?/4— 4m,i/3— 3w^  +  12m^i/2— 6mJ;        .     .  (G) 
then  we  shall  have 

e,{u)+e,{a)=e,{A), (lo) 

e,{u)+e,{a)=d,{A), (11) 

e,{u)+e,{a)=e,{A), (is) 

e,{u)-^6,{a)  =  e,{A), (13) 

provided  that,  in  the  development  of  ^(A),  we  replace  A,-  by 
{u  +  aY  and  then  change  exponents  into  suffixes. 

5.  These  results  are  all  comprised  in 

eM  +  ej,a)=e„,{A) (i4) 

"\^'hen  ?/i  =  2,  or  m  =  o,  the  results  of  the  last  article  may  be  ve- 
rified directly  without  any  great  labour.  '\^'lien  7n  =  4'  the  cal- 
culation is  rather  longer;  but  much  of  the  work  is  already  done 

•  Communicated  by  the  Rev.  Kobcit  Ilarky,  I'.R.S. 
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in  my  paper  "  On  Criticoids"  in  the  Number  of  this  Journal  for 
March  1870.     If  we  put 

<^(m)=:U4  — 4MiM3+3m2,  ....        (15) 

y^[\.)=.\r[a)-^\2e^[d)e^{u)^^[u),         (16) 
whence,  subtracting  six  times  the  square  of  (11), 
^/.(A)-6{^,(A)}^  =  >/.(fl)-6.J^,(«)P  +  f(u)-6.j^,(u)[^   (17) 

which  reduces  to  (13). 

6.  Marking  transitions,  analogous  to  that  from  exponents  to 
suffixes,  by  special  brackets  |.[,    [.],    |,],  &c.,   I  reserve  the 

parenthesis  (.)  for  ordinary  involution.  The  common  expansion 
of  (w  +  g)'"  may  be  written  in  either  of  the  forms 

(^^  +  «)'»  =  (»)"'  +  m(u)'"-'(«)>+..+(a)'",      .     .     (18) 

(M  +  ff)'"=(«)0(M)'"  +  m(«)>(«)"'~'+  ..  +(«)"'("}°-     (19) 

7.  Following  up  the  latter  form,  I  shall  put 

|«  +  «]'«=[«]o.|./j-'»-f„,[«]i{i.}— '+&C,    .     .     (20) 

the  convention  being  that  the  symbol  contiguous  to  a  bracket 
in  the  undeveloped  form  is  affected  by  that  brackei  in  the  deve- 
lopment. There  are,  of  course,  corresponding  developments  of 
[M  +  flJ"',  {u  +  a}"^,  \u  +  aY,  and  of  {u  +  af',  {u  +  aY,  &c. 
The  symbols  |«|-''  are  arbitrary,  or  may  have  one  meaning  and 
be  connected  by  one  law,  while  [0]"",  and  indeed  \0'\^  are  also 
arbitrary,  and  may  have  the  same,  or  another  meaning,  and  be 
connected  by  the  same  or  another  law. 

8.  Let  it  be  a  property  of  the  square  bracket  [.]  that 

M'"  =  "»o        (21) 

and  that 

M°  =  "o=l. (22) 

in  the  same  way  that  for  the  parenthesis  (y)°=//Q=l.     Then 

{u  +  aY=.{ur  +  ma,{ur-'+..+a^{u]<^,    .      (53) 
and  (4)  becomes 

A,=  [«  +  «]'• (24. 

9.  We  can  now  obtain  general  forms  of  hyperdistributives. 
An  inspection  of  the  identity 

dx^'Ku  dx)      dsL'^Xa  doe)     dx'"\ua    dx  )       '     ^'^^ 
shows  that,  in  the  development  of  the  dexter,  u  and  its  difFeren- 
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tial  coefficients  will,  after  all  reductions,  be  separated  from  a  and 
its  difFciential  coefficients.     Now,  when  in  the  development  of 

d'"  /I  du\.  .      nd"uY  , 

Y-- 1  -  T"  I  there  occurs  an  expression  (  -  -. —  I,  then  there  occurs 

da;"'  \u  dx)  '  \u  dx"J' 

in  the  dexter  of  (25)  the  corresponding  expression  [ 'TIT')  • 

But  if 


£=14- (20) 


then,  by  Leibnitz's  theorem,  as  expressed  in  brackets, 
J_^>a)  _  {u  +  aY  _    {u  +  ay 
ua    dx''  ua  {u]^{a]^ 

Make 


{uy  {ay  _^ 


=  u 


and  we  have 


{uy      ''     {ay 


(27) 
(28) 


dr 


o=["  +  '^]" (29) 


10.  We  know  that  -t^(-  ^)  can  be  developed  in  terms  of  u^, 
«2,  &c.,  and  -r-^f  -  —  j  in  terms  of  fl-j,  a^,  &c.  The  article  pre- 
ceding shows  that  the  expression  for  — — ( ^-^  I  can  be  ob- 

^  dx'"  \ua    dx  J 

taincd  from  either  development  by  writing  therein  [w  +  aJMn 
place  of  w^  or  Or  respectively.     This  is  the  same  thing  as  repla- 
cing Ur  or  Or  by  A^. 
]  1.  Let,  then, 

€^^^l=e{u„vl..,u„,)  =  0,„{u),        .     .     (30) 

and  ^,„(?v)  will  be  a  hyperdistributivc,  and  may,  I  think,  be  called 
the  primary  hyperdistributivc  of  the  with  order.  The  symbols  Wj, 
z/j, . .  v„.  are  independent;  for  u  is  an  arbitrary  function  of  x.  As 
observed  by  the  great  De  Morgan  (Camb.  Trans,  vol.  ix.  part  2), 
undefined  dependence  is  independence. 

12.  AVc  may  denote  the  «th  power  of  |w[''by  ■|?/}'^"'',  where 
?•  is  the  algorithmic  index,  and  n  or  (??)  an  ordinary  ex])onent. 
This  notation,  however,  will  not  be  much  needed  in  what  follows; 
for  wc  can  replace  algorithmic  indices  by  suffixes. 
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13.  We  know  that 

-^  =  u^+i  —  u^u^ (31) 

And  hence  we  can  deduce 

^  [«-«,)'"=  [M-Mj"'+'-m[M-w,)2[M-Mi)'""''    •     (32) 

Let  us  put 

[?<— Mi)'"  =  U,„, (33) 

and  (32)  becomes 

^  =  U,„+,-mU2U,„_, (34) 

14.  Recurring  to  (30),  we  see  that 

and  the  dexter  of  this  result,  regarded  in  the  hght  ot  (34),  sug- 
gests that  6,n  {u)  may  be  expressed  in  terms  of  Ug,  Ug, . .  U,^ . 
The  quantity  U,  vanishes  identically. 

15.  Up  to  the  eighth  order  inclusive,  I  find  the  hyperdistri- 
hutives as  follows : — 

e^[u)  =U5-10U2U3,     ^6(M)  =  Ue-15U2U4-10Ul  +  30U^ 
^,(«) =U7-21U2U5  -  35U3U4  + 2IOUIU3, 
^g(^^)  =  U8  -28U2Ue,-  56U3U5-35U^  +  70U2(6U2U4 
+  8U^-9U|). 

16.  If  we  denote  by  P„,  the  terms,  or  the  aggregate  of  the 
terms,  in  6^{u)  which  involve  triple,  or  higher,  partitions  of 
m,  all  the  foregoing  results  will  be  comprised  in  the  formula 

^,„(«)=2U„-KU  +  U]"'  +  P,„  ....     (36) 

17.  By  way  of  example, 

3tJ2=3[«-w,7'''  =  3(i/a-2w,t<,  +  w2)2=3(w2-w2)2. 
Hence,  developing  the  last  exprestion  and  subtracting, 

U4-3Ul  =  W4-4r/,?/3-3i/2  4-12wIw2-6<       .     .     (37) 

which  agrees  with  (9) . 

18.  All  linear  functions  of  hyperdistrihutives  are  hyperdistri- 
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butive.  Moreover  if  /,«(")  be  any  distributive  function  of  any 
quantity  u,  and 

^»(")+/J«)-^,„(«),  .....  (38) 
tlien  ■&,„(«),  or  any  linear  function  of  such  function?,  is  hypcr- 
dihtribulivc.  Tlie  suffix-recipient  u  in  0[u),  and  the  explicit 
quantity  or  variable  u  in  /(«),  are  independent,  and  have  no 
connexion.  But  we  may  if  we  please  establish  a  connexion  be- 
tween U],  U.2, . .  &c.,  and  between  them  and  the  u  in/(«). 

19.  Thus,  lety(«)  vanish,  and  suppose  that,  for  all  values  of  ;•, 

[uY={u)''  =  u=u[ (39) 

Then 

V,=  [u-n,Y={u,-i>,y  =  0.       .     .     (40) 

Hence  (14)  will  take  the  form 

OM  =  0,n{^) (41) 

the  meaning  of  wbich  result  is,  that  6,n{a)  will  remain  unaltered 
when,  in  it,  we  replace  a^  by  [ff  +  w)'',  or  its  equivalent  («  +  <?]'• 
When  (39)  is  satisfied,  (14),  becoming  (41),  gives  us  the  entire 
critical  functions.  It  must  be  borne  in  mind  that  (39)  docs  not 
imply  any  such  relations  as 

[«]'•=(«)'=«'=«;; (42) 

20.  Again,  let 

/,„(.)  =/,„(«0=-^, (43) 

and,  for  all  values  of  r,  let 


1  d'^u 
Then 


'      u  dx' 


(44) 


d' 


0„Mu^„.,n,^)-'^^^Jj-  =  O,       .     .     .     (45) 

whatever  u  may  be,  and  the  hyperdistributive  relation 

d"'~^  u  d"'~\t 

ej,a„  u„  . .)- -^;^  +  ^"'(«.,  »2>  •  ')--d^l 

=  MAi,A...)-^T^ W 

becomes 

7m-l  </"'~'A 

^,„(a„  (K;^, . .  «„,)  -  ^j^;^  =^m(Ai,  Aa, . .  A„,)  -  ^^^,„_,' 


(47) 


,7'"  —  '^ 

and  the  meaning  of  this  result  is,  that  t^m(^p  f-2,  •  •  "m  )  —  j~;;^ 
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will  remain  unaltered  when^  having  replaced  a^  by  [«  +  «]'',  we 
substitute  for  u^  its  value  as  given  by  (4't).  If  we  assume  u  to 
be  a  rational  and  entire  function  of  x,  its  degree  should  not  be 
less  than  m,  or  our  form  will  be  needlessly  restricted.  We 
thus  obtain  the  entire  criticoidal  functions.  'J'he  symbols  a  and 
A  are  not  in  general  subject  to  any  relation  corresponding  to 
(44).  I  say  entire  critical  and  criticoidal  functions,  because 
there  are  other  such  functions,  as  will  be  seen  on  reference  to 
my  paper  "On  Fractional  Criticoids"  in  the  last  jMay  (1871) 
Number  of  this  Journal*. 

21.  All  functions  of  critical  or  criticoidal  functions  are_,  re- 
spectively, critical  or  criticoidal.  And  critical  functions  and 
criticoids  are  thus  seen  to  be  not  merely  connected  by  the  ana- 
logies of  algebra  and  the  calculus,  but  to  have,  in  hyperdistri- 
butives,  a  common  algorithmic  origin. 

"  Oakwal"  near  Brisbane,  Queensland, 
Australia,  January  23,  1872. 

XXXVII.  Notices  respecting  New  Books. 

Monthly  Notices  of  the  Royal  Astronomical  Society.  The  President's 
Address  on  the  Presentation  of  the  Gold  Medal,  Feb.  1872. 

Observations  of  Comets  from  b.c.  611  to  a.d.  1640.  Extracted  from 
the  Chinese  Annals  by  John  Williams,  F.S.A.     London,  1871. 

A  MIDST  the  eager  pursuit  of  information  capable  of  throwing 
•^^  additional  light  on  the  physics  of  the  sun,  it  is  refreshino-  to 
find  the  Royal  Astronomical  Society  directing  its  reuewed  attention 

^  *  Phil.  Mag.  S.  4.  vol.  xli.  No.  274,  pp.  360-368.  Some  of  the  fore- 
going formulae  involve  questions  of  partition.  The  following  notation  of 
partitions  seems  to  be  convenient.     Put 

and  let  7r(ra)  denote  the  number  of  different  partitions  of  n,  inchuling  n 
itself.  Also  let  Trm{n)  denote  the  number  of  different  partitions  of  n  into 
m  parts,  no  zero  part  occurring.  Let  <^(m)  denote  the  number  of  different 
partitions  of  n  in  which  no  unit  part  occurs.  Also  let  (p„i{n)  denote  the 
number  of  different  partitions  of  n  into  m  parts,  no  imit  or  zero  part  oc- 
curring.    Then 

7r(n)  =  S„7rr(ra) ;     <^(ra)  =  ^n^r{n) ; 

ip^{n-\-m)=TTm{n)  =  9>mtVr{n—m); 

7r(2w)  =  1  -V Sft7r(r)  +  S„_i7rr(2«) ; 

7r(2«  +  l)=l  +  S„{7r(r)4-7r,(2w-f  1)}; 

and  consequently 

7r„i(2m)  =  7r(m). 
Thus 

7r(4)  =  l  +  7r(2)  +  7r(l)  +  7ri(4)  =  5 

exemplifies  the  notation. 

Phil  Mag.  S.  4.  Vol.  43.  No.  286.  April  1872.  X 
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in  the  award  of  its  Gold  Medal,  to  the  remarkable  connexion  which 
subsists  between  comets  and  meteors ;  and  it  is  gratifying  to  find  that 
the  recipient  is  an  astronomer  (Signer  Schiaparelli)  who  has  been 
successful  in  establishing  this  connexion.  Thei'e  is,  however,  some- 
thing of  a  still  higher  character  to  which  these  researches  lead  us. 
The  late  President  of  the  Royal  Astronomical  Society  in  his  resume 
of  Sig.  Schiaparelli's  labours  alludes  to  the  classes  of  celestial  matter 
as  follows  : — "  1st.  Fixed  stars.  2nd,  Agglomerations  of  small  stars 
(resolvable  nebul;:e).  3rd.  Smaller  bodies,  invisible,  except  when 
approaching  the  sun.  4th.  Small  particles  composing  a  cosmical 
cloud." 

'•  Whatever  may  have  been  the  original  form  of  the  cloud,  it  cannot 
penetrate  far  into  our  system  without  assuming  the  form  of  an  elon- 
gated cylinder  passing  gradually  into  a  stream  of  particles.  The 
number  of  such  streams  seems  to  be  very  great."  Such  are  the 
views  of  the  medallist;  and  of  these  views  the  late  President  ex- 
presses his  opinion  in  the  following  words  : — "  Granting  that  his 
hypotheses  are  correct,  of  which,  indeed,  there  seems  to  be  a  very 
high  probability,  some  of  the  most  difhcult  questions  in  the  contem- 
plation of  the  constitution  of  the  universe  seem  at  once,  and,  as  it 
were,  per  saltum,  to  be  solved.  To  have  placed  before  our  view  so 
clear  a  history  of  these  mysterious  bodies  (nebulae,  comets  and  aero- 
lites), and  their  several  and  intimate  relations  pointed  out,  is  an  ad- 
vancement of  astronomical  science  I  at  least,  individually,  had  not 
ventured  to  anticipate ;  and  a  collateral  advantage  resulting  from 
this  sjilendid  discovery  is  the  encouragement  given  to  the  careful  and 
diligent  observation  of  phenomena  even  when  the  prospect  of  a 
fruitful  result  is  by  no  means  apparent ;  had  it  not  been  for  the 
patient,  systematic,  and  intelligent  observations  of  Professor  Heis, 
M.  Coulvier-Gravier,  Mr.  Greg,  and  Professor  Herschel,  Signor 
Schiaparelli  would  have  wanted  many  valuable  data  required  iu  his 
investigations." 

In  connexion  with  the  splendid  discovery  of  Schiaparelli,  Mr. 
"Williams's  book  must  become  very  valuable.  The  arrangement  of 
the  catalogue  of  comets  is  so  methodical,  so  clear,  and  the  dates 
given  with  such  precision,  that  the  identification  of  future  comets 
with  ancient  ones  will  be  greatly  facilitated.  Although  the  work  is 
necessarily  destitute  of  computed  orbits,  the  paths  of  many  of  the 
comets  amongst  the  stars  are  fully  described  and  cai)ablc  of  being 
easily  ascertained  by  the  aid  of  the  Chinese  celestial  atlas  with  which 
it  is  accompanied.  Our  limits  preclude  further  remarks,  except  that 
Mr.  Williams  has  introduced  a  most  interesting  description  of  ancient 
Chinese  astronomy,  as  well  as  an  important  exposition  of  Chinese 
chronology. 

Weather  Charts  issued  Jail!/  by  the  Meteorological  Office. 

These  charts,  which  are  admirably  arranged,   exhibit  at  a  glance 

the  general  elements  of  weather  at  S  a.m.  each  day  ;  these  elements 

consist  of  barometric  and  thermonietric  readings  depicted  as  isobars 

and  isotherms,  the  general  direction  of  the  wind,  the  state  of  the 
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sea,  and  the  prevalence  or  otherwise  of  clouds  and  rain.  The  land  areas 
are  readily  distinguishable  by  being  shaded.  If  we  are  not  greatly- 
mistaken,  the  maps  of  the  barometer  and  wind  will  prove  to  be  the 
most  valuable  portion;  but  we  greatly  regret  that  the  area  over  which 
the  elements  are  given  is  so  small  that  liy  our  instruments  we  can  only 
obtain  fragments  of  them  ;  and  unless  the  meteorologist  combines  the 
data  given  in  these  charts  with  other  data  obtainable  on  the  continent 
or  ocean,  we  apprehend  his  work  will  not  be  easy  from  the  charts  before 
us  to  obtain  a  general  view  of  the  affections  of  the  atmosphere  as  they 
exist  in  their  entirety. 

An  Elementary  Treatise  on  the  Differential  Calculus,  containing  the 
Theory  of  Plane  Curves,  with  numerous  Examples.  By  Benjamin 
Williamson,  A.M.,  Fellow  and  Tutor,  Trinity  College,  Dublin. 
London:  Longmans,  Green,  and  Co.  1872.  (Pp.  343.) 
The  various  English  Treatises  on  the  Differential  Calculus  so 
closely  resemble  each  other  as  to  the  subjects  of  their  successive  chap- 
ters, that  we  shall  sufficiently  describe  the  scope  of  the  present 
volume  by  saying  that  it  comprises  all  the  parts  of  the  subject  com- 
monly treated.  For  instance,  if  the  table  of  contents  be  compared 
with  that  of  Mr.  Todhunter's  well-known  treatise,  they  wiV-  be  found 
to  differ  simply  in  arrangement.  We  do  not  mean  to  imply  that 
the  resemblance  extends  beyond  this  point.  On  the  contrary,  Mr. 
Williamson's  Treatise  is  as  completely  his  own  as  any  book  on  a 
well-worked  subject  can  be  an  author's  own.  In  fact,  so  far  as  treat- 
ment is  concerned,  these  two  authors  take  a  fundamentally  different 
view.  The  one  says  : — "  My  own  experience  with  pupils  has  been 
decidedly  unfavourable  to  the  system  of  Differentials ;  many  suc- 
cessful teachers  whom  I  have  consulted  have  expressed  a  similar 
opinion  ;  and  I  have  therefore  adopted  exclusively  the  method  of 
Differential  Coefficients"  (Pref.  to  3rd  edit.).  Mr.  WiUiamson,  on 
the  other  hand,  says: — "An  exclusive  adherence  to  the  method  of 
Differential  Coefficients  is  by  no  means  necessary  for  clearness  and 
simplicity  ;  and,  indeed,  I  have  found  by  experience  that  many  fun- 
damental investigations  in  mechanics  and  geometry  are  made  more 
intelligible  to  beginners  by  the  method  of  differentials  than  by  that 
of  differential  coefficients."  We  shall  not  attempt  to  decide  between 
the  authors ;  but  this  at  least  may  be  said,  that  Mr.  Williamson  has 
proved  by  example  that  a  most  instructive  and  useful  book  can  be 
produced,  if  written  from  his  point  of  view.  It  is  perhaps  in  thd 
Geometrical  applications  of  the  Calculus  that  the  best  features  of  the 
book  are  to  be  seen  :  e.  g.  the  illustration  of  partial  differentiation 
by  discussing  the  variations  of  the  parts  of  plane  and  spherical  tri* 
angles  (pp.  11 0-11 S)  is  very  happy,  and  the  chapters  on  Tangents, 
Asymptotes,  Multiple  points,  Inflection,  and  Curvature  are  exceed- 
ingly well  done  ;  they  have  been  written  with  Dr.  Salmon's  work 
on  "Higher  Plane  Curves"  in  view,  and  contain  several  points 
which  are  not  generally  given  in  the  corresponding  chapters  of  other 
elementary  treatises,  such  as  the  notice  of  Inverse  curves.  Pedal 
curves,  the  introductory  notice   on    Multiple  points,   &c.       Very 

X2 
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many  examples  are  given ;  these  are  needed  in  an  elementary 
treatise,  to  render  the  work  indej)endent  of  a  separate  volume 
of  examples.  So  far  as  we  have  examined  them  they  seem  well 
chosen,  and  in  many  cases  are,  in  fact,  interesting  theorems  : — 
e.  g.y  "  Prove  that  the  points  of  intersection  of  a  curve  of  the  fourth 
degree  with  its  asymptotes  lie  on  a  conic;"  and  "Prove  that  every 
curve  of  the  third  degree  is  capable  of  being  projected  into  a  central 
curve,"  &c. 

New  Theory  of  the  Figure  of  the  Earth,  considered  as  a  Solid  of  Re- 
volution ;  founded  on  the  direct  employment  of  the  Centrifugal  Force 
instead  of  the  Common  Principles  of  Attraction  and  Variable  Den- 
sity. By  William  Ogilby,  Esq.,  M.A.  Trin.  Coll.  Camb.,  Fellow 
of  the  Geological  and  Zoological  Societies  of  London  and  Dublin, 
Member  of  the  JRoyal  Irish  Academy,  8;c.  London  :  Longmans, 
Green,  and  Co.      1872.     (4to,  pp.  104.) 

Mr,  Ogilby  in  his  preface  enumerates  seven  "  principal  fallacies 
and  hypotheses  invoked  in  this  artificial  [«.  e.  the  usual]  mode  of 
treatment  "  of  the  question  of  the  figure  of  the  earth.  The  first  two 
are  these  : — ''First,  while  it  is  universally  acknowledged  that  the 
spheroidal  figure  is  due  to  the  action  of  the  centrifugal  force,  the 
efficient  cause  of  the  phenomenon  is  sedulously  ignored  in  the  inves- 
tigation of  its  effects,  and  the  question  treated  on  the  principle  of 
attraction,  as  if  it  were  a  case  of  elliptic  motion.  Secondly,  this 
pretended  attraction,  though  professing  to  be  the  resultant  of  the  in- 
dividual attractions  of  all  the  particles,  must  not  be  confounded  with 
terrestrial  gravity  ;  inasmuch  as  gravity  varies  directly  as  the  square 
of  the  sine  of  the  latitude,  acts  in  the  normal,  and  is  consequently  di- 
rected to  a  different  centre  at  every  point  on  the  surface,  while  the 
assumed  attraction  tends  to  a  fixed  centre  of  force,  and  varies  inversely 
as  the  square  of  the  distance  &c."  (p.  viii).  We  should  be  sorry 
to  hold  Mr.  Ogilby  tigiitly  to  what  he  says;  but  it'  we  did,  it  would 
follow  that  the  force  of  gravity  at  the  equator  is  zero.  Anyhow  it 
is  pretty  plain  from  the  above  extract  that  he  is  not  a  believer  in 
universal  gravitation;  nor,  indeed,  if  he  is  not  satisfied  with  the  evi- 
dence, is  there  any  reason  why  he  should  be  ;  only,  if  so,  it  is  a 
little  strange  that  his  object  is  to  employ  mathematical  reasoning 
"  in  imitation  of  Newton  "  (j).  xii),  and  that,  with  reference  to 
applied  science,  he  should  speak  of  Newton  as  "  the  great  master" 
(p.  2).  The  chief  offender  in  this  matter  of  the  figure  of  the  earth 
is  Laplace,  who  says  that  the  law  of  gravity  on  the  earth's  surfac: 
depends  on  the  form  of  the  terrestrial  sjiheroid,  and  this  in  turn  on 
the  law  of  gravity,  and  that  this  mutual  dependence  of  the  two  un- 
known quantities  renders  the  investigation  of  the  figure  of  the  earth 
very  difficult.  This  is  no  more  than  might  have  been  expected  from 
Lajjlace  ;  but  that  in  writing  thus  he  should  only  be  following  up  a 
line  of  inquiry  begun  by  Newton  demands  explanation  ;  and  here  is 
the  exi)lanation  sui)i)lied  by  Mr.  Ogilby  (p.  14): — "  It  is  difficult  to 
account  for  all  these  arbitrary  assumptions,  unless  by  supposing 
that  the  mind  of  Newton  was  so  completely  absorbed  in  his  grand 
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discovery,  that  he  could  recognize  no  other  principle  than  attraction 
in  the  regulation  of  j)henomena."  These  words  refer  to  Prop.  XIX. 
of  Book  3  of  the  Principia,  which  contains  what  Mr.  Airj'  calls  "  this 
astonishing  investigation,"  adding  that  "  it  is  one  of  the  many  in- 
stances in  which  Newton  has  obtained  a  correct  result  by  means  ap- 
parently quite  inadequate."  This  seems  strange.  It  may  of  course 
be  that  Newton  and  Laplace  are  both  wrong  ;  but  then  it  may  be 
that  Mr.  Ogilby  is  wrong.  Suppose,  then,  we  try  to  ascertain  his 
qualifications  for  discussing  a  difficult  question  by  seeing  how  he 
deals  with  a  comparatively  simple  one.  Here,  for  instance,  is  his 
notion  of  the  effect  of  ''  the  centrifugal  force  "  on  a  fluid  in  a  state 
of  rotation.  "The  centrifugal  force  generated  by  rotation  would 
repel  the  fluid  particles  from  the  interior  parts  and  leave  a  vacant 
ellipsoidal  space  round  the  axis,  of  greater  or  less  extent,  according 
to  the  velocity  of  rotation  and  the  density  of  the  fluid  mass  "  (p.  97); 
from  this  he  argues  that  the  hypothesis  of  the  original  fluidity  of  the 
earth  is  inconsistent  with  itself.  However  this  may  be,  it  must  at 
least  be  allowed  that  according  to  this  beautiful  conception  a  cylinder 
of  the  fluid  coinciding  in  direction  with  the  axis  of  revolution  would 
be  supported  by  nothing,  and  that  this  is  a  view  of  the  effects  of  ro- 
tation which  will  perhaps  find  acceptance  when  the  views  of  Newton 
and  Laplace  are  forgotten. 

Here  is  another  instance  of  Mr.  Ogilby's  powers.  It  must  be 
premised  that  gravity  at  the  equator  is  to  be  represented  by  288  and 
at  the  pole  by  289,  or  more  generally  by  m  and  ?«+  1.  By  a  process 
of  reasoning  he  finds  (p.  53)  that  the  following  relation  exists  be- 
tween these  numbers, 

That  there  may  be  no  mistake  as  to  his  meaning,  he  enunciates 
this  equation  in  words  printed  in  italics,  and  goes  on  to  state, 
"  this  theorem  enables  us  to  correct  errors  both  of  astronomical  and 
geodetical  observation  in  measuring  the  ellipticities  of  the  earth  and 
planets."  The  reader  will  notice  that  the  above  equation  may  be 
written  thus  :  — 

{{m+\y-m^Y  =  0, 

and  that  this  gives,  as  alternative  results, 

1=0  or  577  =  0. 

Need  we  add  that  the  treatise  has  been  written  in  the  interests  cf 
true  religion  (pp.  xii,  50,  51,  103,  104).'' 

We  have  spent  a  good  deal  of  time  on  this  treatise,  and  have  got 
little  profit  from  it ;  for  we  are  not  psychologists.  Had  it  been 
otherwise,  it  would  have  suggested  many  curious  questions  as  to 
possible  types  of  mind  and  character,  and  we  should  probably  have 
ended  our  study  of  the  book  by  classifying  its  author  with  the 
squarers  of  the  circle. 
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Nov.  23,  18/1.— General  Sir  Edward  Sabine,  K.C.B.,  President, 
followed  by  Mr.  Francis  Gallon,  Vice-President,  in  the  Chair. 

THE  following  communication  was  read  : — 
"  On  a  supposed  Alteration  in  the  amount  of  Astronomical 
Aberration  of  Light,  produced  by  the  passage  of  Light  through  a 
considerable  thickness  of  Refracting  Medium."     By  George  Biddell 
Airy,  C.B.,  Astronomer  Royal. 

A  discussion  has  taken  place  on  the  Continent,  conducted  partly 
in  the  '  Astronomische  Nachrichten,'  partly  in  indejiendent  j)am- 
phlets,  on  the  change  of  direction  which  a  ray  of  light  will  receive 
(as  inferred  from  the  Undulatory  Theory  of  Light)  when  it  traverses 
a  refracting  medium  which  has  amotion  of  translation.  The  subject 
to  which  attention  is  particularly  called  is  the  effect  that  will  be  pro- 
duced on  the  apparent  amount  of  that  angular  displacement  of  a 
star  or  planet  which  is  caused  by  the  Earth's  motion  of  translation, 
and  is  known  as  the  Aberration  of  Light.  It  has  been  conceived  that 
there  niHy  be  a  difference  in  the  amounts  of  this  displacement  as 
seen  with  different  telescopes,  depending  on  the  difference  in  the 
thicknesses  of  their  object-glasses.  The  most  important  of  the  papers 
containing  this  discussion  are  : — that  of  Professor  Klinkerfues,  con- 
tained in  a  pamphlet  published  at  Leipzig  in  18G7,  August;  and 
those  of  M.  lloek,  one  published  18G7,  October,  in  No.  lt)G9of  the 
'  Astronomische  Nachrichten,'  and  the  other  published  in  18G9  in  a 
communication  to  the  Netherlands  Royal  Academy  of  Sciences. 
Professor  Klinkerfues  maintained  that,  as  a  necessary  result  of  the 
Undulatory  Theory,  the  amount  of  Aberration  would  be  increased, 
in  accordance  with  a  formula  which  he  has  given  ;  and  he  sup- 
ported it  by  the  following  ex])eriment : — 

In  the  telescope  of  a  transit-instrument,  whose  focal  length  was 
about  18  inches,  was  inserted  a  column  of  water  8  inches  in  length, 
carried  in  a  tube  whose  ends  were  closed  with  glass  plates ;  and 
with  this  instrument  he  observed  the  transit  of  the  Sun,  and  the 
transits  of  certain  stars  whose  north-polar  distances  were  nearly  the 
same  as  that  of  the  Sun,  and  which  passed  the  meridian  nearly  at 
midnight.  In  these  relative  positions,  the  difference  between  the 
Ajjparent  Right  Ascension  of  the  Sun  and  those  of  the  stars  is  affected 
by  double  the  coefficient  of  Aberration  ;  and  the  merely  astrono- 
mical circumstances  are  extremely  favourable  for  the  accurate  test- 
ing of  the  theory.  Professor  Klinkerfues  had  computed  that  the 
effect  of  the  H-inch  column  of  water  and  of  a  prism  in  the  interior 
of  the  telescope  would  be  to  increase  the  coefficient  of  Aberration 
by  eight  seconds  of  arc.     The  observation  appeared  to  show  that 
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the  Aberration  was  really  increased  by  7"'l.     It  does  not  appear 
that  this  observation  was  repeated. 

A  result  of  physical  character  so  important,  and  resting  on  the 
respectable  authority  of  Professor  Kliukerfues,  merited  and,  indeed, 
required  further  examination.  Having  carefully  considered  the  astro- 
nomical means  which  would  be  most  accurately  employed  for  the 
experiment,  I  decided  on  adopting  a  vertical  telescope,  the  subject  of 
observation  being  tlie  meridional  zenith  distance  of  y  Draconis,  the 
same  star  by  which  the  existence  and  laws  of  Aberration  were  first 
established.  The  position  of  this  star  is  at  present  somewhat  more 
favourable  than  it  was  in  the  time  of  Bradley,  its  mean  zenith- 
distance  north  at  the  Royal  Observatory  being  about  100"  and  still 
slowly  diminishing.  With  the  sanction  of  the  Government,  therefore, 
I  planned  an  instrument,  of  which  the  essential  part  is  that  the  whole 
tube,  from  the  lower  surface  of  the  object-glass  to  a  plane  glass  clo« 
sing  the  lower  end  of  the  tube,  is  filled  with  water,  the  length  of  the 
column  of  water  being  .35'3  inches.  The  curvatures  of  the  surfaces 
of  the  two  lenses  constituting  the  object-glass,  adapted,  in  conjunction 
with  the  water,  to  correct  spherical  and  chromatic  aberration,  were 
investigated  by  myself  and  verified  by  my  friend  Mr.  Stone  (now 
Astronomer  at  the  Cape  Observatory).  The  micrometer  is  con- 
structed on  a  plan  arranged  by  myself,  by  which  the  double  ob- 
servation in  reversed  positions  of  the  instrument  can  be  made  with 
great  ease.  The  reference  to  the  vertical  is  given  by  two  spirit-levels, 
both  to  be  read  at  every  single  observation.  The  work  of  construc- 
tion was  intrusted  to  Mr.  James  Simms,  who  carried  it  out  with 
great  ability.  Distilled  water  was  sujiplied  by  H.W.  Chisholm,  Esq., 
Warden  of  Standards. 

Had  the  result  of  the  observations  been  confined  to  the  determina- 
tion of  an  astronomical  constant,  or  the  variation  of  its  value  for 
different  telescopes,  I  should  not  have  thought  it  worthy  of  commu- 
nication to  the  Royal  Society.  But  it  is  really  a  result  of  great 
physical  importance,  not  only  affecting  the  computation  of  the  velo- 
city of  light,  but  also  influencing  the  whole  treatment  of  the  Undu- 
latory  Theory  of  Light.  In  this  view  I  have  thought  that  an  informal 
statement  of  the  conclusions  may  be  acceptable  to  the  Society,  reser- 
ving for  publication  in  one  of  the  annual  Greenwich  Volumes  the 
details  of  the  observations. 

The  instrument  was  mounted  in  a  small  Occasional  Observatory 
first  constructed  for  the  transit-instrument  of  Mr.  Struve  when  he 
was  engaged  in  determining  the  longitude  of  Altona,  and  now 
planted  on  the  "South  Ground"  of  the  Observatory.  The  seasons 
at  which  the  meridional  zenith-distance  of  y  Draconis  is  most  affected 
by  aberration  in  opposite  directions  are  the  Equinoxes. 

For  understanding  the  following  Table,  it  is  to  be  remarked  that 
an  apparent  value  of  the  Geographical  Latitude  of  the  Instrument  is 
formed  from  every  observation,  by  subtracting  the  Observed  Instru- 
mental Zenith-distance  North  of  the  Star  from  the  Tabular  Decli- 
nation of  the  Star  given  in  the  'Nautical  Almanac'  The  observed 
zenith-distance  is  affected  with  the  True  Aberration  as  seen  in  the 
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instrument;  the  tabular  declination  is  affected  with  the  Received 
Aberration  used  in  the  computation  of  the  '  Nautical  Almanac  ;'  and 
the  apparent  value  of  the  geographical  latitude  is  therefore  affected 
by  the  difference  between  the  True  Aberration  as  seen  in  the  instru- 
ment and  the  llcceived  Aberration.  If,  therefore,  under  all  circum- 
stances, and  especially  in  the  comparison  of  days  when  the  sign  of 
aberration  has  changed,  the  apparent  value  of  the  geogra{)hical  lati- 
tude is  sensibly  constant,  it  proves  that  the  True  Aberration  is  the 
same  as  the  Received  Aberration,  or  at  least  that  one  is  not  a  multiple 
of  the  other. 

The  last  column  of  the  Table  is  given  only  to  show  to  how  large 
an  extent  Aberration  enters  into  the  star's  Apparent  Declination. 

Every  result  for  Observed  Zenith-distance  in  the  Table  is  the 
mean  of  observations  in  reversed  positions  of  the  instrument. 


Day  of 
observation. 

Star's 
Observed 
Zenith- 
distance 

North. 

Star's  Declina- 
tion from 
'  Nautical 
Almanac' 

Difference  for 
Geographical 
Latitude  of 
Instrument. 

Correction 
for  Aberra- 
tion adopted 
in  '  Nautical 
Almanac' 

1871. 
Feb.    28 

85-30 
85-71 
84-19 
82-18 
83-63 
84-58 
83-87 
82-73 
84-18 

5°1  29  59-3 
59-1 
58-9 
58-8 
58-0 
68-0 
57-9 
57-9 
68-0 
58-1 

51  29  58-2 

6°1  28  340 
33-4 
34-7 
36-6 
34-4 
33-4 
34-0 
35-2 
33-8 
34-1 

51  28  34-7 

- 18-71 
18-82 
19-02 
19-11 
19-73 
19-74 
19-73 
19-69 
19-06 
19-59 

-19-54 

March  1  

3  

4  

IC)  

17 

21  

23 

24 

26 

27 

84-04 
83-48 

Mean  Latitude  of  Instrument  from  I  g,   t,g  „ ,  . 
Spring  Observations J 

Aug.   29 

Sept.     5 

122-10 
121-84 
121-62 
120-27 
122-98 
122  20 
121-53 
121-38 
120-01 
120-62 
120-29 
121-31 
124-41 
120-60 

51  30  34-4 
35-0 
35-1 
35-2 
35-3 
35-4 
36-5 
36-5 
35-4 
351 
35-1 
35-0 
34-9 

51  30  34-8 

51  28  32  3 
33-2 
33-5 
34-9 
82-3 
33-2 
34-0 
341 
35-4 
34-5 
34-8 
33-7 
30-5 

51  28  34-2 

4-18-25 
19-01 
19-18 
19-33 
19-45 
19  64 
19-70 
19-74 
19-72 
19-16 
19-40 
19-.'J3 
19-26 

-f-19-10 

7 

9 

11  

L"! 

17 

22 

24 

Oct.      I  

o 

3 

4 

6 

Mean  Laliliidc  o 
Aiituinii  Olisot 

f  Instrument  from  |  f.   f)g  ,,.,.p 
rations    J         " 

Alteration  of  Aberration  of  Light  through  a  Refracting  Medium.  313 

Remarking  that  the  mean  results  for  Geographical  Latitude  of  the 
Instrument  (determined  from  observations  made  when  the  Aberration 
of  the  star  had  respectively  its  largest  +  value  and  its  largest  —  value) 
agree  within  a  fraction  of  a  second,  I  think  myself  justified  in  con- 
cluding that  the  hypothesis  of  Professor  Klinkerfues  is  untenable. 
Had  it  been  retained,  the  Aberrations  to  be  employed  in  the  cor- 
rections would  have  been  increased  by +15"  and  — 15"  respectively, 
and  the  two  mean  results  would  have  disagreed  by  30". 

The  latitude  of  the  instrument  from  these  observations  is  about 
51°28'34"'0.  The  position  of  the  instrument,  as  measured  on  the 
Observatory  Map,  is  34U  feet  south  of  the  Transit-circle,  a  spatial 
distance  corresponding  to  about  3"'35.  The  latitude  of  the  Transit- 
circle  being  taken  at  51°  28'  38"'4,  the  geodetic  latitude  of  the  in- 
strument is  51°  28'  35"'05 — an  agreement  closer  than  I  expected, 
consideration  being  given  to  the  form  of  the  ground.  It  appears  very 
probable  that  at  the  place  of  the  Transit-circle,  on  the  north  brow 
of  the  hill,  the  zenithal  direction  is  disturbed  towards  the  north,  and 
the  astronomical  latitude  is  too  great. 

There  is  only  one  point  in  this  investigation  upon  which  a  doubt 
can  be  suggested  as  possible,  namely  the  evaluation  of  the  micro- 
meter-scale. It  was  thus  conducted  :—  The  micrometer-plate  con- 
tains 26  wires,  and  the  fixed  part  of  the  instrument  contains  25 
crosses,  each  interval  being  nearly  256".  With  this  arrangement 
every  wire-interval  is  measured  with  great  ease,  and  the  whole  series 
of  25  intervjils  is  accurately  obtained  in  terms  of  the  micrometer.  By 
placing  the  instrument  in  a  proper  position,  the  same  intervals  are 
obtained  in  time  of  the  star's  transit,  which  is  easily  converted  into 
arc.  The  comparison  of  these  gives  the  value  of  micrometer-divisions 
which  has  been  employed. 

The  following  verification,  of  somewhat  inferior  accuracy,  has  been 
made  by  measures  of  the  instrument.  It  appears  that  the  ray  of 
light  passes  through  0*9  inch  of  glass,  35*3  inches  of  water,  and  O'S 
inch  of  air  (nearly,  the  measure  of  the  last  being  shghtly  uncertain). 
Remarking  that  the  dividing  surfaces  are  horizontal  and  plane,  it  is 
easily  seen  that  the  micrometer-scale  ought  to  be  such  as  is  due  to 
an  air-telescope  whose  length  in  inches  =[^  +  -f^.  +  0'8  =  27*8 
inches.  And  from  this,  with  observation  of  transit  of  the  star,  it  was 
found  that  the  measure  of  25  intervals  of  wires  ought  to  be  0'8693 
inch :  as  measured  with  a  pair  of  compasses,  it  was  found  some- 
times 0-8/1,  sometimes  0'875.  The  agreement  is  fully  as  close  as 
can  be  expected  from  the  rudeness  of  the  operation,  and  shows  di- 
stinctly that  there  can  be  no  error  of  principle  in  the  method  of 
evaluing  the  micrometer-scale. 
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December  20th,  1871.— Joseph  Prestwich,  Esq.,  F.R.S.,  President, 
in  the  Chaii*. 

The  following  communications  were  read  : — 

1.  A  Letter  from  G.  Milner  Stephen,  Esq.,  F.G.S.,  to  the  lato 
Sir  Roderick  ^lurehisou,  dated  Sydney,  5  October,  1871,  announcing 
the  discovery  of  a  rich  auriferous  deposit  on  the  banks  of  the  river 
Bonde,  on  the  X.E.  coast  of  New  Caledonia,  and  of  a  great  deposit 
of  Tin-ore  in  the  district  of  New  England,  JS'ew  South  "Wales. 
The  gold  in  New  Caledonia  is  found  in  drift ;  and  there  are  indica- 
tions of  the  near  proximity  of  a  quartz-reef.  The  Tin-ore  in  New 
South  Wales  is  said  to  be  in  '•  pepitas,  crystals,  and  beds  of  conglo- 
merate, especially  ia  Micaceous  granite,  more  or  less  decomposed." 

2.  "  Remarks  on  the  Greenland  Meteorites."  By  Prof.  A.  E. 
Nordenskjold,  For.  Corr.  G.S. 

The  author  stated  that  the  masses  of  meteoric  iron  brought  from 
Greenland  by  the  recent  Swedish  expedition  seem  to  have  formed 
the  principal  masses  of  an  enormous  meteoric  fall  of  Miocene  date, 
extending  over  an  area  of  some  200  miles.  The  iron  appears  to  be 
free  from  silicates.  Against  its  eruptive  origin  the  author  urges 
that  when  heated  it  evolves  a  great  amount  of  gaseous  matter,  and 
that  it  contains  imbedded  particles  of  sulphide  of  iron,  the  mass 
itself  being  nearly  free  from  sulphur.  The  masses  arc  composed  of 
meteoric  nickeliferous  cast  and  wrought  iron,  or  of  mixtures  of  tlie 
two ;  in  the  last  case  the  "\Vidmannst?ctten's  figures  are  best  deve- 
loped. The  author  further  noticed  the  various  modes  in  which  the 
iron  occurs,  viz. : — 1,  as  meteorites  ;  2,  filling  cracks  ;  3,  as  brcccii- 
form  stones  cemented  with  oxide  and  silicate  of  iron ;  and  4,  in 
grains  disseminated  in  the  basalt. 

3.  "  Further  Remarks  on  the  Relationship  of  the  UmulUhv  (A7- 
phosnra)   to    the  Eun/pieridce    and   to  the   Tnlohita."     By  Henry 

Woodward,  Esq.,  F.G.S. 

In  this  paper  the  author  described  the  recent  investigations  made 
by  l)r.  A.  S.  Packard,  Dr.  Anton  Dohrn,  and  the  Rev.  Samuel  Lock- 
wood,  upon  the  developmental  histoi-y  of  the  North-American  King- 
crab  (Limtihis  Puh/pheiin(s),  and  discussed  the  conclusions  as  to  the 
alliances  of  the  Xiphosura  and  Eurypterida},  and  to  tlie  general 
classification  of  th(;  Arthropoda,  to  which  the  results  of  these  inves- 
tigations liave  led  Dr.  Dohrn  and  some  other  continenlal  naturalists. 
According  to  this  view,  the  Xipliosara  and  Euryptoridic  are  more 
nearly  related  to  cerlain  Arachnida  (the  Scorpions,  S:c.)  limn  to  the 
Crustacea  ;  and  this  ojnnion  is  further  supported  by  the  assertion 
of  Dr.  Dohrn,  that  in  Liimilus  only  one  pair  of  organs  (antcnnules) 
receives  its  nerves  from  the  supraoesophageal  ganglion,  and  that  the 
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nature  of  the  under  lip  in  lAmulus  differs  from  that  prevailing 
among  the  Crustacea.  Dr.  Dohrn  also  recognizes  the  relationship 
of  the  Merostomata  to  the  Trilobites,  as  shown  especially  by  the 
development  of  Limulus,  and  considers  that  the  three  forms  (Limii- 
lidce,  Earypieridce,  and  Trilohita)  should  be  combined  in  one  group 
under  the  name  of  Gif/cmtostmca,  proposed  by  Hiickel,  and  placed 
beside  the  Crustacea.  The  author  stated,  on  the  authority  of  Prof. 
Owen,  that  Limulus  really  possesses  two  pairs  of  appendages  which 
receive  their  nerves  from  the  supraoesophageal  gangKon,  that, 
according  to  Dr.  Packard,  the  yoang  Limulus  passes  through  a 
Nauplius-stage  while  m  the  egg,  that  no  argument  could  be 
founded  upon  the  lower  lip,  the  condition  of  which  varied  extremely 
in  the  three  groups  proposed  to  be  removed  from  the  Crustacea  ;  and 
he  mainuained  that,  even  from  the  ultra-Darwinian  point  of  view 
taken  by  Dr.  Dohrn,  the  adoption  of  his  proposal  would  be  fatal  to 
the  application  of  the  hypothesis  of  evolution  to  the  class  Crustacea. 

January  10,  1872. — Joseph  Prestwich,  Esq.,  F.R.S.,  President, 
in  the  Chair. 

The  following  communications  were  read : — 

1.  "  On  Ci/clostif/ma,  Lepidodendron,  and  Knorria  from  KU- 
torkan."     By  Prof.  Oswald  Heer,  F.C.G.S. 

In  this  paper  the  author  indicated  the  characters  of  certain  fossils 
from  the  YeUow  Sandstone  of  the  South  of  Ireland,  referred  by  him 
to  the  above  genera,  and  mentioned  in  his  paper  "  On  the  Carboni- 
ferous Flora  of  Bear  Island,"'  read  before  the  Society  on  Xovember  9, 
1870  (see  Q.  J.  G.  S.  vol.  xxvii.  p.  1).  He  distinguished  as  species 
Cyclostigma  kiltorlcense,  Haught.,  G.  miuutum  (Haught.),  Knorria 
acicidaris,  Gopp.,  var.  Bailt/ana,  and  Lejpidodendron  Veltheimianum, 
Sternb. 

2.  "  iN'otes  on  the  Geology  of  the  Plain  of  ]Marocco,  and  the  Great 
Atlas."     By  George  Maw,  Esq.,  F.G.S.  <fec. 

The  author  described  first  the  characters  presented  by  the  coast  of 
Marocco,  and  then  the  phenomena  observed  by  him  in  his  progress 
into  the  interior  of  the  country  and  in  the  Atlas  Chain.  The  oldest 
rocks  observed  were  ranges  of  metamorphic  rocks  bounding  the 
plain  of  Marocco,  interbedded  porphyritcs  and  the  porphyritic  tuffs 
forming  the  backbone  of  the  Atlas  Chain,  and  the  Mica-schists  of 
Djeb  Tezah  in  the  Atlas.  At  many  points  in  the  lateral  valleys  of 
the  Atlas  almost  vertical  grey  shales  were  crossed ;  the  age  of  these 
was  unknown.  Above  these  comes  a  Red  Sandstone  and  Limestone 
series,  believed  to  be  of  Cretaceous  age,  and  beds  possibly  of  Pliocene 
age,  which  occupied  the  valleys  of  the  Atlas  and  covered  tlic  plain 
of  Marocco,  where  vestiges  of  them  remain  in  the  form  of  tubular 
hills.  The  probable  age  of  these  beds  was  determined  on  the  evidence 
of  fossils.  The  autlior  noticed  the  sequence  of  denuding  and  eruptive 
phenomena  by  wliich  the  arrangement  and  distriljution  of  these 
rocks  has  been  modified,  and  described  the  more  recent  changes — 
resulting  in  the  formation  of  enormous  boulder-beds  flanking  the 
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northern  escarpment  of  the  Atlas  plateau,  and  of  great  moraines  at 
the  heads  of  the  valleys  of  the  Atlas,  both  of  which  he  ascribed  to 
glacial  action.  An  elevation  of  the  coast  line  of  at  least  70  feet  was 
indicated  by  raised  beaches  of  concrete  sand  at  Mogador  and  else- 
where ;  and  tlie  author  considered  that  a  slight  subsidence  of  the 
coast  was  now  taking  place.  The  surface  of  the  plain  of  Marocco 
was  described  as  covered  with  a  tufaceous  crust,  probably  due  to  the 
drawii)g  up  of  water  to  the  surface  from  the  subjacent  calcareous 
strata  and  the  deposition  from  it  of  laminated  carbonate  of  lime. 


XXXIX.  Intelligence  and  Miscellaneous  Ai-ticles. 

AX  EXPERIMENT    IN    REFEIIENCE    TO    THE    QUESTION    AS    TO    VA- 
POUR-VESICLES.      BY  T.  PLATEAU. 

T^ROM  a  research  of  M.  Duprez*,  it  is  known  that  when  a  vessel 
-*-  of  water  is  inverted  with  the  opening  downwards,  it  is  not  ne- 
cessarj'  that  this  opening  be  very  narrow  for  the  water  to  remain 
suspended.  M.  Duprez  kept  water  suspended  in  a  vertical  tube 
which  was  nearly  20  millims.  in  internal  diameter. 

Assuming  now  that  when  water  is  hanging  in  such  a  tube  with 
the  surface  downwards  a  small  hollow  air-bubble  is  brought  into  con- 
tact with  this  surface,  the  air  in  it,  in  virtue  of  the  pressure  of  the 
envelope,  will  immediately  penetrate  into  the  interior  of  the  liquid, 
and  will  rise  in  it  in  virtue  of  the  smaller  sj)ecific  gravity.  This  I 
have  confirmed  by  means  of  an  experiment.  I  took  a  small  glass 
tube  of  about  4  millims.  diameter  in  the  clear,  drew  it  out  at  one 
end  to  an  aperture  of  about  0*4  millim.  diameter,  and  closed  the 
wider  end  by  a  cork  coated  with  grease.  By  touching  the  drawn- 
out  end  with  a  piece  of  filtering  paper,  which  was  soaked  with  dis- 
tilled water,  I  succeeded  in  bringing  into  the  narrow  aperture  a 
column  of  this  liquid  not  more  than  a  millimetre  in  length.  By 
carefully  depressing  the  cork,  a  hollow  bubble  is  seen  to  form  at  the 
drawn-out  aperture,  which  may  have  a  diameter  of  less  than  a  mil- 
limetre, and  usually  lasts  seven  or  eight  seconds.  In  this  operation 
the  wider  ])art  of  the  tube  must  be  covered  with  several  layers  of  a 
non-conducting  material  in  order  to  eliminate  the  influence  of  the 
warmth  of  the  fingers.  After  having  thus  acquired  the  power  of 
jirocuring  very  small  hollow  bubbles,  water  was  suspended  in  a  tube 
kept  vertical  by  a  suitable  stand.  The  internal  diameter  of  this 
tube  was  only  a  centimetre;  and  with  such  a  small  diameter  the 
suspension  is  very  easy.  It  is  only  necessary,  after  filling  the  tube 
with  water  and  closing  the  mouth  with  a  jjiece  of  paper,  to  invert  it 
and  then  draw  the  jjujjcr  aside  to  get  a  free  surface  ;  a  hollow  water 
bubl)le  of  less  than  a  milimetre  diameter  is  then  ])roduccd  as  described 
above,  and  brought  to  tlie  free  surface  of  the  suspended  water. 
When  they  are  in  contact,  the  bubble  detaches  itself  from  the  drawn- 

*  "Mem.  sur  \\\\  ras  particuiicr  do  ri'quilil)re  des  liquidt-s/'  Mem.  (fo 
V Academic  Roy,  ilc  Bi'lf/i(jue,  vol.  .\.\vi.  1S.")1,  and  ,\xviii.  1854. 
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out  tube ;  the  air  contained  in  it  penetrates  and  ascends  in  the 
liquid.  The  experiment,  repeated  several  times,  always  gave  the 
same  result. 

Let  us  now  assume  that  at  a  certain  distance  below  the  surface  of 
the  suspended  water  there  is  a  current  of  visible  aqueous  vapour  ; 
if  this  vapour  consists  of  vesicles,  each  of  them,  on  coming  into  contact 
with  the  fluid  surface,  will  introduce  a  microscopic  air-bubble  into 
the  water,  which  will  immediately  ascend  in  it;  and  the  whole  of  these 
vesicles  will  form  a  cloud  in  the  water  of  the  tube,  which  slowly 
rises  and  destroys  the  transparency. 

M.  Duprez  was  good  enough  to  make  the  experiment  at  my  re- 
quest. The  water  was  suspended  in  a  glass  tube  of  13  millims.  in- 
ternal diameter.  A  small  metal  vessel  with  an  aperture  of  several 
centimetres  diameter  and  containing  a  certain  quantity  of  water, 
was  placed  under  tlie  free  surface  of  the  water  of  the  tube  over  a 
lamp;  the  mouth  of  this  vessel  was  about  12  centims.  from  the  sur- 
face. A  continuous  boiling  was  thus  obtained,  and  a  current  of 
visible  vapour  which  rose  to  tlie  surface  of  the  suspended  water  ;  but 
though  the  experiment  lasted  more  than  half  an  hour,  no  cloud  was 
observed  in  the  water  of  the  tube.  The  vapour  condensed  on  the 
outside  of  the  tube,  and  from  time  to  time  was  wiped  away;  but 
the  water  inside  retained  all  its  transparency. 

After  this  it  seems  difficult  to  retain  any  doubt  as  to  the  non- 
existence of  the  vesicular  state.  It  seems  to  me,  in  fact,  that  only 
three  objections  could  here  be  raised.  It  might  either  be  said  that 
the  air-bubbles  on  penetratnig  into  the  water,  from  their  unusual 
smallness  and  the  very  considerable  caj)illary  pressure  which  they 
have  to  support  from  the  liquid,  dissolve  in  the  liquid,  or  that  nil 
vesicles  burst  on  reaching  the  surface  of  the  water,  or  that  they  roll 
along  the  surface  of  this  liquid,  separated  from  it  by  a  thin  layer  of 
air  or  vapour,  until  they  reach  the  outside  edge  of  the  tube  to 
escape  thence  into  the  atmosphere. 

But  the  first  of  these  assumptions  must  be  rejected  ;  for  the  water 
had  previously  been  shaken  with  air  so  long  as  to  be  completely 
saturated,  and,  secondly,  while  it  was  exposed  to  the  action  of  vapour 
it  must  have  lost  whatever  solvent  ])ower  it  possessed ;  and,  more- 
over, sometimes  even  comparatively  large  air-bubbles  apjiear  on  the 
upper  part  of  the  inside  of  the  tube,  where  the  hotter  part  of  the 
water  ascends. 

The  second  supposition,  though  not  quite  inadmissible,  is  at  any 
rate  not  very  probable.  We  have  seen  that  our  small  bubbles,  mea- 
suring less  than  a  millimetre,  do  not  burst  on  coming  into  contact  with 
the  surface  of  water  ;  why  should  it  be  otherwise  with  the  vesicles  } 
It  may  perhaps,  be  urged  that  their  envelope  is  far  thinner  tlian 
that  of  our  small  bubbles.  But  if  vesicles  exist,  their  enveloiJC 
must  be  so  thick  that  they  are  colourless  ;  otherwise  a  cloud  irra- 
diated by  the  sun  could  have  no  bright  lustre  ;  moreover,  from  the 
long  duration  of  large  clouds,  they  must  be  very  permanent. 

As  regards  the  third  supposition,  is  it  probable  that  all  vesicles 
could  roll  along  the  surface  without  touching }    Moreover  M.  Duprez 
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has  repeated  the  experiment  in  such  a  manner  that  this  surface  was 
concave  and  remained  so  in  spite  of  the  fact  tliat  the  volume  of 
water  increased  owing  to  expansion  by  heat  and  the  condensation 
of  vapour ;  but  now  in  this  case  a  large  number  of  vesicles  should 
have  rolled  towards  the  apex  of  the  concavity,  have  accumulated 
there,  and  therefore  must  soon  have  jilaced  themselves  in  contact 
with  the  fluid  surface:  but  nothing  in  the  result  was  different;  no 
cloud  disturbed  the  transparency  of  the  water. 

I  consider  the  above  experiment,  though  not  decisive,  yet  a 
very  powerful  argument  against  the  hypothesis  of  the  vesicular  con- 
dition. 

May  I  here  be  permitted  to  recall  another  experiment,  which  I  have 
described  in  the  eighth  series  of  my  investigation  Sur  les  fifjures 
d'^quilifj)-e  d'nne  masse  liquide  sans  pesanteur.  One  of  the  chief  ob- 
jections which  have  been  raised  against  the  vesicular  condition  is,  that 
the  air  contained  in  a  vesicle  would  be  exposed  on  the  part  of  the 
fluid  envelope  to  a  considerable  pressure,  the  effect  of  which  M'ould 
be  that  this  air  would  gradually  dissolve  in  the  envelope,  and  would 
traverse  it,  by  which  the  vesicle  would  soon  change  into  a  complete 
globule.  But  when  a  laminar  calotte,  about  a  centimetre  in  diame- 
ter, is  formed  by  means  of  a  solution  of  1  ])art  of  Marseilles  soap  in 
40  of  water,  and  this  is  allowed  to  stand  in  an  atmosphere  laden 
with  aqueous  vapour,  it  sometimes  lasts  for  more  than  twenty-four 
hours  and  becomes  quite  black.  At  the  same  time  a  remarkable 
])henomenon  is  witnessed  ;  the  calotte  gradually  decreases  and  ulti- 
mately disappears, — from  which  it  follows  that  the  enclosed  air  has 
gradually  traversed  the  lamina.  This  lamina  is  indeed  far  thinner 
than  a  vesicle  would  be  ;  but,  on  the  other  hand,  theory  shows,  from 
the  difference  of  the  liquids  and  the  diameter,  that  in  the  interior  of 
a  vesicle  the  pressure  would  be  more  than  a  thousand  times  as  great 
as  in  the  interior  of  a  calotte  of  soap-solution  at  its  original  diraen- 
sions> — Bull,  dc  I'Acad.  Roy.  de  Belgique,  vol.  xxxii. 


ON  THE  ABSORPTION-SPECTRA  OP  CHLORINE  AND  CHLORIDE  OP 
IODINE.       BY  D.  GERNEZ. 

The  researches  of  Brewster,  of  W.  II.  Miller,  and  of  W.  A.  jNIiller 
have  made  known  the  absorption-spectra  of  the  coloured  vajjours 
of  hyponitric  acid,  bromine,  iodine,  hypochloric  and  chlorous  acids, 
and  jierchloride  of  manganese.  These  vapours  act  very  energetically 
on  light ;  and  in  a  thickness  of  only  a  few  centimetres  tliey  pro- 
duce characteristic  systems  of  lines  in  the  conthiuous  spectra  of  in- 
candescent solids. 

When,  with  the  aid  of  a  spectroscope  with  only  one  i)rism,  we 
examine  the  efJ'ect  produced  by  an  increasing  thickness  of  these  sub- 
stances, we  first  observe  some  bands,  the  mimher  of  \Ahich  increases 
■while  finer  lines  apjjcar  and  the  jjrimitive  bands  arc  resolved  into 
groii]is  of  very  close  lines.  It  is  these  bands,  or  rather  the  most 
conspicuous  of  the  lines,  that  we  again  meet  with,  as  1  have  recently 
shown,  in  the  spectra  of  solutions  of  these  substances.     If  we  aug- 
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nient  the  dispersion  of  the  luminous  pencil  at  its  issue  from  the  liquid, 
the  bands  spread  over  a  larger  surface,  and  lose  their  intensity ;  so 
that  we  gain  nothing  for  the  observation  of  the  absorption-spectrum 
of  a  liquid  by  using  a  spectroscope  with  several  prisms.  It  is  not 
the  same  when  we  have  to  do  with  vapours,  almost  all  the  lines  of 
which  are  very  fine,  and  aj)pear  more  distinctly  the  more  the  lumi- 
nous pencil  is  spread  out  and  the  source  whence  it  emanates  is  more 
intense. 

This  remark  led  me  to  recognize  the  existence  of  the  absorption- 
spectra  of  chlorine  and  chloride  of  iodine.  In  the  examination  of 
that  of  chlorine,  I  had  to  take  particular  care  to  operate  on  pure  gas. 
In  fact,  the  phenomenon  being  insensible  for  a  thickness  of  some 
decimetres,  as  the  fruitless  endeavours  of  some  physicists  have  shown, 
it  was  necessary  to  employ  a  gaseous  column  of  greater  dimensions ; 
and  as  very  small  quantities  of  chlorous  and  hypochloric  acids  were 
sufficient  to  exhibit  the  absorption-lines  of  these  substances,  the  im- 
purities of  the  gas  prepared  with  hydrochloric  acid  and  binoxide  of 
manganese  might,  in  the  conditions  of  the  experiment,  have  caused 
the  appearance  of  the  absorption-lines  of  the  chlorinated  compounds. 
To  destroy  these  products,  which  do  not  resist  the  action  of  heat,  I 
passed  the  dry  chlorine  through  a  glass  tube  heated  to  redness. 

On  causing  the  light  to  pass  along  the  axis  of  a  tube  of  15  decims. 
length  filled,  under  the  atmospheric  pressure,  with  chlorine  thus 
purified,  I  could  distinguish  very  clearly  the  absorption-lines  of  this 
gas  ;  but  the  phenomenon  is  more  striking  in  an  apparatus  of  greater 
length.  The  one  I  made  use  of  was  composed  of  three  glass  collars 
6  centimetres  in  diameter,  adjusted  end  to  end  so  as  to  form  a  tube 
of  468  decims.  length;  this  was  closed  at  its  two  extremities  with 
parallel  disks  of  plate-glass.  Having  placed  it  erect  in  order  to  fill 
it  with  chlorine  by  bringing  the  gas  through  a  tube  to  its  lower  part 
while  the  air  escaped  through  an  aperture  made  at  its  upper  extre- 
mity, I  placed  it  horizontal  and  caused  to  pass  along  its  axis  a  pencil 
of  the  Drummond  light.  On  emerging  from  the  gas,  the  rays  fell  on 
the  slit  of  a  spectroscope  with  two  prisms,  and  gave  a  spectrum  ex- 
tending into  the  violet  and  marked  with  very  distinct  lines.  In  the 
least-refrangible  region  and  as  far  as  the  place  of  the  line  D  the 
spectrum  is  continuous  ;  but  a  little  beyond  that  a  system  of  lines 
commences  which  presents  on  analogy  with  the  fine,  almost  equi- 
distant lines  observed  in  the  vapours  of  bromine  and  iodine.  Their 
aspect  and  intensity  vary  with  the  region  of  the  spectrum  examined  ; 
and  they  extend  nearly  to  the  violet,  which  is  entirely  absorbed  in 
the  case  of  the  luminous  source  in  question. 

The  protochloride  of  iodine  is  much  more  favourable  than  chlorine 
for  the  observation  of  the  lines  of  absorption.  At  the  temperature 
of  40°  C,  a  thickness  of  30  centims.  of  this  substance  furnishes  suf- 
ficient vapour  to  produce  an  absorption-spectrum  composed  of  a  score 
of  fine  lines,  sensibly  equal  in  intensity,  their  distance  diminishing 
very  little  from  the  extreme  red,  where  they  comm.ence,  to  a  little 
beyond  the  line  D,  where  they  end  ;  two  other  lines,  rather  intense. 
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appear  in  the  yellow  ;   and  no  others  are  distinguished  in  the  rest  of 
the  spectrum. 

This  system  of  lines,  very  different  from  that  of  chlorine,  is  ana- 
logous to  those  of  bromine  and  iodine;  but  it  differs  from  that  of 
iodine  by  the  absence  of  bands  superposed  to  the  fine  lines  in  the  green, 
and  ulso  because  tlie  lines  of  chloride  of  iodine  begin  to  show  them- 
selves notably  nearer  the  extreme  red  than  do  those  of  iodine,  and 
cover  only  a  much  less  extensive  region  of  the  spectrum. — Uomptcs 
Itendus  de  V Acad,  des  Sci.  1872,  No.  10. 


ON  THE  MEAN  MOTIONS  OP  JUPITER,  SATURN,  URANUS^  AND  NEP- 
TUNE.      BY  PROFESSOR  DANIEL  KIRKWOOD. 

The  recent  note  of  Professor  Peirce*,  announcing  his  discovery 
of  some  interesting  relations  between  the  mean  motions  of  the  four 
outer  planets,  has  recalled  my  attention  to  a  number  of  similar  coin- 
cidences detected  by  myself  several  years  since,  while  engaged  in  a 
somewliat  laborious  examination  of  the  planetary  elements,  Oi 
these,  the  following  may  be  worth  putting  on  record  for  future  dis- 
cussion ; — 

2h''—    3rt^' —  11«""  =0, (1) 

2h^'  — 21rt^"  +  30w""  =0, ;..    (2) 

3«^  —    8«"  —   2rt^"  +  7n'''"=0 (3) 

"With  the  values  of  ?j^,  n^',  and  n^"  adopted  in  the  American  Ephe- 
nieris,  the  value  of  «^"'  obtained  from  either  of  the  above  equations 
differs  by  less  than  one  second  from  the  latest  determination  j".  Tiie 
second  equation  was  submitted  some  two  years  since  to  Professor 
Newcomb  of  the  U.S.  Coast  Survey.  That  distinguished  astro- 
nomer was  inclined,  however,  to  regard  the  coincidence  as  merely 
accidental.  Be  this  as  it  may,  I  have  strong  confidence  in  the  ac- 
curacy of  the  third.  The  reexamination  of  this  last  has  recently  led 
to  the  discovery  of  two  others,  viz. 

68«^'— 425«^'"+  257«^''-'=0,    (4) 

257«^— 844m^'-1-587«"'=0 (5) 

both  of  which,  I  believe,  are  accurately  true.  The  fifth,  however, 
is  not  an  indej)endent  equation,  but  is  derived  from  the  third  and 
fourth.  By  means  of  these  equations  I  have  found  the  remarkable 
cycle  of  11G57'24  Julian  j'cars,  which  separates  the  epochs  at  which 
the  planets  Jupiter,  Saturn,  Uranus,  and  Neptune  return  to  the  same 
relative  positions.  It  is  obvious,  moreover,  from  the  same  equations 
that  no  three  of  the  four  outer  planets  can  ever  be  in  conjunction  at  the 
same  time. — Silliman's  American  Journal  for  March  1872. 

*  Silliman's  Journal  for  January  18/2.  It  will  bo  observed  that  Pro- 
fessor Feirce's  third  equiition  is  identical  with  that  discovered  by  Professor 
Newcomb  in  1857.     iSee  Glould's  Astr.  Jour,  vol,  v.  p.  101. 

t  Newcomb's  '  Orbit  of  Neptune,'  p.  76. 
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XL.    On  the  Refiedion  and  Refraction  of  Light  by  intensehj 
Opaque  Matter.     By  the  Hon.  J.  W.  Strutt,  M.A.,  late 

Fellow  of  Trinity  College,  Cambridge*. 

IT  is,  I  believe,  the  common  opinion,  that  a  satisfactory  me- 
chanical theory  of  the  reflection  of  light  from  metallic  sur- 
faces has  been  given  by  Cauchy,  and  that  his  formulse  agree  very 
well  with  observation.  The  result,  however,  of  a  recent  exami- 
nation of  the  subject  has  been  to  convince  me  that,  at  least  in 
the  case  of  vibrations  performed  in  the  plane  of  incidence,  his 
theory  is  erroneous,  and  that  the  correspondence  with  fact 
claimed  for  it  is  illusory,  and  rests  on  the  assumption  of  inad- 
missible values  for  the  arbitrary  constants.  Cauchy,  after  his 
manner,  never  published  any  investigation  of  his  formulae,  but 
contented  himself  with  a  statement  of  the  results  and  of  the 
principles  from  which  he  started.  The  intermediate  steps,  how- 
ever, have  been  given  very  concisely  and  with  a  command  of  ana- 
lysis by  Eisenlohr  (Pogg.  Ann.  vol.  civ.  p.  368),  who  has  also 
endeavoured  to  determine  the  constants  by  a  comparison  with 
measurements  made  by  Jamin.  I  propose  in  the  present  com- 
munication to  examine  the  theory  of  reflection  from  thick  me- 
tallic plates,  and  then  to  make  some  remarks  on  the  action  on 
light  of  a  thin  metallic  layer,  a  subject  which  has  been  treated 
experimentally  by  Quincke. 

The  peculiarity  in  the  behaviour  of  metals  towards  light  is 
supposed  by  Cauchy  to  lie  in  their  opacity,  which  has  the  eifect 
of  stopping  a  train  of  waves  before  they  can  proceed  for  more 

*  Communicated  bv  the  Author. 
Phil.  Mag.  S.  4.  Vol.  43.  No.  287.  May  1872.  Y 
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than  a  few  wave-lengths  within  the  medium.  There  can  be 
little  doubt  that  in  this  Cauchy  was  perfectly  right ;  for  it  has 
been  found  that  bodies  which,  like  many  of  the  dyes,  exercise  a 
very  intense  selective  absorption  on  light,  reflect  IVoni  their  sur- 
faces in  excessive  proportion  just  those  rays  to  which  they  are 
most  oi)aque.  Permanganate  of  potash  is  a  beautiful  example 
of  this,  given  by  Professor  Stokes.  He  found  (Phil.  Mag. 
vol.  vi.  p.  293)  that  when  the  light  reflected  from  a  crystal  at 
the  polarizing  angle  is  examined  through  a  Nicol  held  so  as  to 
extinguish  the  rays  polarized  in  the  plane  of  incidence,  the  resi- 
dual light  is  green,  and  that,  when  analyzed  by  the  prism,  it 
shows  bright  bands  just  where  the  absorption-spectrum  shows 
dark  ones.  This  very  instructive  experiment  can  be  repeated 
with  ease  by  using  sunlight,  and  instead  of  a  crystal  a  piece  of 
ground  glass  sprinkled  with  a  little  of  the  powdered  salt,  which 
is  then  well  rubbed  in  and  burnished  with  a  glass  stopper  or 
otherwise.  It  can  without  difficulty  be  so  arranged  that  the 
two  spectra  are  seen  from  the  same  slit  one  over  the  other,  and 
compared  with  accuracy. 

With  regard  to  thechromatic  variations,  it  would  have  seemed 
most  natural  to  suppose  that  the  opacity  may  vary  in  an  arbi- 
trary manner  with  the  wave-length,  while  the  optical  density  (on 
which  alone  in  ordinary  cases  the  refraction  depends)  remains 
constant,  or  is  subject  only  to  the  same  sort  of  variations  as 
occur  in  transparent  media.  But  the  aspect  of  the  question  has 
been  materially  changed  by  the  observations  of  Christiansen  and 
Kundt  (Pogg.  Ann.  vols,  cxli.,  cxliii.,  cxliv.)  on  anomalous  dis- 
persion in  Fuchsin  and  other  colouring-matters,  which  show 
that  on  either  side  of  an  absorption-band  there  is  an  abnormal 
change  in  the  refrangibility  (as  determined  by  prismatic  devia- 
tion) of  such  a  kind  that  the  refraction  is  increased  below  (that 
is,  on  the  red  side  of)  the  band  and  diminished  above  it.  An 
analogy  may  be  traced  here  with  the  repulsion  between  two  pe- 
riods which  frequently  occurs  in  vibrating  systems.  The  effect 
of  a  pendulum  suspended  from  a  body  subject  to  horizontal  vi- 
bration is  to  increase  or  dimiuisii  the  virtual  inertia  of  the  mass 
according  as  the  natural  period  of  the  pendulum  is  shorter  or 
longer  tlian  that  of  its  point  of  suspension.  This  may  be  ex- 
pressed by  saying  that  if  the  point  of  support  tends  to  vibrate 
more  rapidly  than  the  ])endulum,  it  is  made  to  go  faster  still, 
and  vice  versd.  Below  the  absorj)tion-band  the  material  vibra- 
tion is  naturally  the  higher,  and  hence  the  effect  of  the  associated 
matter  is  to  increase  (abnormally)  the  virtual  inertia  of  the  ;ether, 
and  therefore  the  nil'rangibility.  On  the  other  side  the  effect  is 
the  reverse*,  it  would  be  difficult  to  exaggerate  the  import- 
*  See  Sclluicier,  I'ogi^.  Ann.  vol.  cxliii.  ]).  L7-. 
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ance  of  these  facts  from  the  point  of  view  of  theoretical  optics ; 
but  it  hes  beside  the  object  of  the  present  paper  to  go  further 
into  the  question  here. 

That  a  sufficient  opacity  is  as  competent  as  a  high  optical 
density  to  produce  an  abundant  reflection  is  evident  without  any 
analysis.  So  long  as  the  medium  into  which  the  light  seeks  to 
penetrate  remains  nearly  at  rest,  the  greater  part  of  the  motion 
must  be  thrown  back  without  any  regard  to  the  cause  of  the  ap- 
proximate quiescence.  Whether  the  sluggishness  be  due  to  a 
great  inertia  or  a  correspondingly  great  friction  is  in  this  respect 
of  no  importance.  In  order,  however,  to  account  for  the  reflec- 
tion from  silver  (90  or  95  per  cent.)  without  opacity,  a  very  high 
optical  density  would  be  required,  much  higher  than  we  have 
any  reason  to  think  at  all  likely.  On  the  other  hand,  we  know 
that  the  opacity  of  metals  to  light  is  very  great. 

In  this  connexion  it  is  interesting  to  note  that  some,  and  pro- 
bably many,  non-metallic  substances  possess  a  quasi-metallic 
reflecting-power  for  dark  radiation.  De  la  Provostayc  and  Des- 
ains  long  ago  remarked  on  the  large  percentage  of  dark  heat 
reflected  from  glass,  which  was  much  in  excess  of  that  calculated 
from  FresnePs  formulae  with  the  known  refractive  index.  The 
observation  seems  to  have  remained  uninterpreted;  but  we  can- 
not well  be  wrong  in  attributing  the  extra  reflection  to  an  opa- 
city to  the  rays  of  dark  heat,  which,  always  great,  rises  some- 
where in  the  spectrum  to  such  a  magnitude  as  to  damp  the 
entering  rays  within  a  few  wave-lengths  of  the  surface.  INo- 
thing  but  direct  experiment  can  inform  us  what  substances  are 
sufiiciently  opaque  to  exercise  an  abnormal  reflection ;  for  the 
stoppage  of  radiant  heat  by  a  plate  of  ordinary  thickness  may 
well  be  complete  to  sense,  and  yet  not  sufficiently  sudden  to  give 
any  material  assistance  in  reflection.  I  am  glad  therefore  to  be 
able  to  refer  to  the  experiments  of  the  late  Professor  Magnus 
(Poggendorff^s  Annalen,  vol.  cxxxix.),  in  which  he  investigates 
the  proportion  of  heat  reflected  by  plates  of  various  substances, 
the  incident  radiation  being  derived  from  modei-ately  heated 
plates  of  the  same  or  of  a  difl^erent  material. 

First  let  us  see  what  fraction  of  the  incident  radiation  (unpo- 
larized)  would  be  reflected  from  the  surface  of  a  substance  having 
a  refractive  index  of  I'o — about  that  of  glass.  If  6  be  the  angle 
of  incidence,  and  I  the  corresponding  fraction,  I  find  by  calcula- 
tion from  Fresners  formulae  the  following : — 


^=0 
I  =  -040 

^  =  33° 
I  =  -043 

^  =  45° 
Ii=050 

6'= 62° 
I  =  -100 

Y2 
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This  is  for  one  surface.  If  the  ])late  be  quite  transparent, 
the  reflection  may  be  nearly  the  double  of  the  above.  Now  for 
glass  at  an  angle  of  45°,  Magnus  found  no  smaller  value  of  I 
than  "084;  and  as  this  must  be  attributed  almost,  if  not  entirely, 
to  the  first  surface,  it  is  clear  that  something  not  taken  account 
of  in  FresneFs  theory  must  have  come  into  operation.  But  by 
far  the  most  remarkable  result  was  with  tluor-spar  for  the  reflect- 
ing, and  rock-salt  for  the  radiating  plate.  The  reflection  at  33° 
was  no  less  than  '23,  at  45°  '242,  and  at  62°  "335 ;  and  to  this 
the  second  surface  cannot  contribute  sensibly.  Unquestionably 
therefore  the  reflecting-power  of  fluor-spar  for  a  certain  kind 
of  dark  radiation  is  greatly  in  excess  of  what  can  be  accounted 
for  without  an  extreme  opacity — a  result  which  is  the  more  re- 
markable because  for  dark  radiation  in  general  fluor-spar  is  one 
of  the  most  transparent  things  known.  The  reflection  from  a 
plate  of  rock-salt  was  found  to  be  much  the  same  as  from  glass; 
but  here,  I  presume,  we  may  consider  both  surfaces  to  be  ope- 
rative, in  which  case  the  result  is  normal*.  It  is  curious  that 
opacity  first  diminishes  the  reflection  from  a  plate,  and  then 
when  extreme  increases  it  again,  and  that  without  limit. 

The  efi"ect  of  opacity  is  represented  mathematically  by  the  in- 
troduction into  the  difl'erential  equation  of  a  term  ))ro})ortional 
to  the  velocity.  If  we  suppose  that  a  =  0  is  the  surface  of  sepa- 
ration, and  that  the  vibrations  are  parallel  to  rand  perpendicular 
to  the  plane  of  incidence  wi/,  the  diflerential  equation  in  the 
opaque  medium  is 

vs'here  h  is  a  positive  constant  depending  on  the  opacity,  and  D 
denotes  the  optical  density.  In  the  upper  medium  h  =  0,  and 
the  equation  is 

d^  _n  /(l^      cl^^\ 

dt^  ~  D  V/a,'-^  "^  dyV' 

Both  h  and  D^  are  subject  to  extensive  chromatic  variations ;  and 
the  equations  are  therefore  not  to  be  regarded  as  general  equa- 
tions of  motion  applicable  to  all  possible  cases.  It  is  probable, 
however,  that  they  represent  with  snflieient,  if  not  absolute  ac- 
curacy the  laws  of  motion  for  a  system  of  plane  waves  of  given 
peri(jd,  provided  that  suitable  values  of  h  and  D^  are  assumed. 
TIjc  boundary  conditions,- according  to  Green  and  Cauchy  (Phil. 
Mag.  August  1871),  expressing  that  there  is  no  discontinuity 

*  Arcoidiiig  to  tlie  experinu'iits  of  Masson  and  Janiin,  the  transmission 
of  a  perfrrtly  trans|)ait'iit  |)late  is  ahvays  about  \)'l  \wy  cent.,  wlu'ther  the 
material  !;e  j;lass,  rock-salt,  or  alum.  This  is  in  agreement  with  the  cal- 
culatiou  iu  the  te.xt,  as  about  8  \)ci-  ccut.  would  be  reflected. 


Refraction  of  Light  by  intense! ij  Opaque  Matter.  325 

in  the  displacement  or  strain,  are 

^~^"     (tx~  dw' 
when  ^  =  0.     The  system  of  waves  is  given  by 

y y    i{a,x  +  by  +  ct) 

where 

«=-— cost',     b=  —-%\\\U,     c= -r —  =  — • 

A,  A,  A,  T  • 

The  coefficients  1),  c  are  necessarily  the  same  all  through  ;  the 

multipliers  ^',  ^",  ^,  are  complex.      The   boundary  conditions 

being  the  same  as  lor  transparent  media,  we  have  (Phil.  Mag. 

t"      a  — a 

August  1871)  ~f  = -',  only  that  now  a^  is  not  real.     In  fact 

^        a  +  a  I 

if  =pr=y,  =iY  —Ji,  we  obtain  from  the  differential  equations 

c^  =  y^a^  +b^), 


whence 


<±^_:y!ri_eAV/.^fsav) 

We  see  that  a^  is  determined  as  a  function  of  a  and  b  by  an 
equation  of  precisely  the  same  form  as  for  transparent  media, 
the  only  difference  being  that  /j/^  is  now  no  longer  real.  If  we 
suppose  6i  to  be  defined  by  the  equation 

sin  6.=  —sin  6, 

we  may  use  the  forms  previously  investigated. 

From  the  physical  interpretation  of  /x",  we  see  that  its  real 
part    is  positive,    and  imaginary  part    negative.      If  we    write 

TT 

yu,2  —  j{,2g2ia^  Oct  must  lic  betwecH  0  and  — -.     This  remark  will 

be  found  to  be  of  great  importance.  For  instance,  the  assump- 
tion by  Cauchy  and  others  of  a  real  negative  value  of  /u-^  in  their 
treatment  of  the  so-called  longitudinal  waves  produced  when 
light  vibrating  in  the  plane  of  incidence  is  reflected  from  the 
surface  of  transparent  matter,  really  corresponds  to  an  unstable 
medium  in  which  the  forces  resulting  from  a  displacement  tend 
still  further  to  increase  it. 
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The  value  of /a  is  Re'",  and  at  perpendiculai"  incidence  (/y  =  0), 

-'=±/i;  say  +fj., 

as  the  sign  of  fi  is  in  our  power.  Now,  since  the  refracted  wave 
is  •\|r^e't''''"'"*'''+'^'^,  wherein  x  is  negative,  we  see  that  the  real 
part  of  a^  must  be  positive,  while  the  imaginary  part  is  negative. 
The  same  is  true  of  lie"' ;  or,  as  11  is  taken  positive,  a  lies 

between  0  and  —  — .     Since,  as  we  have  seen,  2«  is  situated  in 

TT 

the  same  quadrant,  «  must  lie  between  0  and  — -.      The  value 

4 

of  a  is  determined  by  tan2a=:—  :pr— .       It    vanishes   with    h, 

and,  on  the  other  hand,  when  h  :  cD/  is  very  great,  approximates 

to  —  — .     In  this  extreme  case  the  real  and  imaginary  parts  of 

fx,  are  numerically  equal;  the  imaginary  part  is  never  the  greater*. 

I  have  been  thus  particular  to  examine  the  limits  between 
which  u  may  lie,  because  it  appears  to  me  that  there  is  on  this 
point  a  serious  omission,  not  to  say  error,  in  Eisenlohr's  paper. 
In  that  investigation  the  necessity  of  a  limitation  on  the  magni- 
tudes of  the  real  and  imaginary  parts  of  /x  does  not  ap|)ear, 
mainly  because  the  author  has  assumed  at  starting  expressions 
for  the  incident,  reflected,  and  refracted  waves  without  reference 
to  the  differential  equations  tacitly  implied.  To  suppose,  as  he 
docs  for  silver,  that  a  =  83^,  and  therefore  2a  =  16G°,  is  tanta- 
mount to  the  assumption  of  a  medium  essentially  unstablef- 

"We  may  now  proceed  to  transform  the  expression  for  the  re- 
flected wave 

^"  _a-a. 


?' 

a  +  a, 

a' 
In  terms  of  0,,  — = 

tan  6* 
~  tan  6' 

where  sin 

?!=  -  sin  B.    To  simplify 
the  expressions,  it  is  convenient,  following  Caucliy  and  Eisenlohr, 

♦  I  apprehend  that  this  conehision  is  not  limited  to  the  partieular  form 
of  the  diit'erential  equation  whieh  has  l)een  assumed.  ^Vhatcver  tliat  may 
be,  /<-  will  always  eonsist  of  a  real  and  an  imafiinary  ]iait,  of  wliieh  the 
former  eannot  be  supposed  negative  without  eonijtromising  the  stability  of 
the  medium. 

t  In  Eisenlohr's  paper  the  incident  wave  travels  in  the  direction  of  the 
])0sitive  X,  while  I  here  su))pose  the  opposite.  The  chanjje  amounts  to  a 
reversal  of  the  sii^n  of  c ;  and  thus,  on  Eisenlohr's  supposition,  the  real 
part  of /i''  oufiiit  to  be  positive  and  the  imaj<iuary  ])art  also  positive;  his 
result  requires  that  tlie  real  part  siiould  be  negative. 
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to  introduce  t^o  auxiliary  variables,  defined  by  the  equation 


ce^=  cos 


whence 


sin^  Q 

— 2~' 


c^cos  2u  = 

^      cos  2«  sin^  d   - 

c^sin2M  = 

sin  2a  sin'-^  ^ 

W 

a^       sin  0 
a       cos  Q 

sin  ^          cos  6 

^"  _  cos  d 

-Ilce''^'"+«) 

Thus 


^       cos  6'  +  Rc6'^«+«) 

If  this  quantity  be  called  P,  and  that  obtained  from  it  by  chan- 
ging the  sign  i,  Q, 


t"  


where 


tan  d=  - 


P-Q 


nP+Q) 

The  intensity  of  the  reflected  light  is  therefore 

cos^  ^  —  2Rc  cos  ^  cos  (m  +  a)  +  R^c^ 


PQ= 


cos2  ^  +  2Rc  COS  ^  cos  {ic  +  «)  +  RV 


Rf  COS  {u  +  a) 


=  1- 


1  + 


_RV 
cos^^ 


-1  + 


Re  COS  {u  +  a) 
cos  6 


if 


1  + 


R< 


_R^ 


■  =  tan(/-|). 


cot/=  cos  (m  +  a) 


1  + 


R-^c^ 


V       •       rv   .  ,  /cos  ^\ 

=  cos  [u  +  a)  sin  2  tan-'  1  ^^ — ). 
d  represents  the  change  of  phase;  its  tangent  is  given  by 
tan  d=  sin  (a  +  u)  tan  2  tan"'  i-r- — j . 
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These  are  Cauchy's  formula  for  light  polarized  in  the  plane 
of  incidence.     At  perpendicular  incidence, 

0=0,     di  =  0,     c  =  l,     u  =  0, 
whence 

which  may  be  expressed  in  terms  of  y,  and  h  by  means  of : — 


R2cos2«=^;    K2sin2a=- ^.  ^P^. 


In  the  case  of  metal  the  reflected  light  is  a  large  percentage, 
and  therefore  tan/  is  considerable.     This  can  only  be  when  R 

is  great ;  and  then  p-  is  relatively  very  small.     Approximately 

therefore 


tan/= 


2  cos  a         \^2  . 


or,  if  -pr-  is  considerable. 


V^+\/i+i7 


tan/=     .7      \  /n-  -.^''  „  =  -  \  /-^  nearly. 
Also 

7,       V   D^ 

and  thus,  when  the  opacity  is  so  great  that  the  reflected  light 
is  a  large  fraction  of  the  whole,  its  intensity  will  be 

^^— V'2Dc 

VT+\/2Wc 

If  we  suppose  that  h  is  constant  for  the  different  waves  of  light, 
wc  find  that  the  reflection  is  better  and  better  the  longer  the 
wave,  since  c  varies  inversely  as  the  period  of  vibration.  Most 
metals,  it  would  appear,  reflect  the  red  rays  in  greater  quantity 
than  the  more  refrangible,  and  dark  heat  better  than  any. 

The  wave  entering  the  metal  is  represented  by  ^^e'X"/-^+c/)^  or, 
on  substitution  of  its  value  for  o^, 

Vg—Rsin  aaj     gi(Rcos  aojr+c/) 

The  velocity  of  wave-jjropagatiou  is  -n against  -  in  air. 

Rcosaa     °  a 
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Thus  in  a  certain  sense  Rcosa  (that  is,  the  real  part  of /i)  may 
be  regarded  as  the  refractive  index  of  the  metal  for  the  kind  of 
light  under  consideration  ;  but  I  wish  to  remark  that  great  con- 
fusion has  arisen  in  the  use  of  the  expression  "  refractive  index  " 
as  applied  to  metallic  or  quasi- metallic  bodies,  the  same  name 
being  given  to  quantities  which,  though  coincident  for  transpa- 
rent matter,  may  here  differ  widely. 
Expressed  in  terms  of  7^  and  h, 


/ 


Ilcos«=-4  /    "  ^  ^    ^  ^  ^^/' 


+  \/l  + 


or  if  -^r  be  very  large, 


rcos«=:^a/X  =  ./X, 

which,  we  have  seen,  presumably  increases  with  the  period  of 
vibration.  In  this  approximation  we  have  supposed  that  the 
influence  of  opacity  is  paramount,  so  that  sin  2a  =  —1,  and 

K  cos  a=  —  E,  sin  a=   — 7=' 

The  wave-length  within  the  medium  may  be  taken  to  be 

^  =  -D =  A/  —7—  .  a.=2a  /  — ; A,^  approx., 

Rcosa       V     A  V       h  i^f       ' 

on  substitution  of  the  value  of  c.  Hence,  if  h  be  constant,  the 
wave-length  in  the  metal  varies  as  the  square  root  of  the  wave- 
length in  air.  The  quantity  here  called  the  internal  wave-length 
is  that  which  physically  best  deserves  the  name;  and  it  is  con- 
nected with  what  we  have  called  the  refractive  index  by  the 
usual  relation. 

Internal  wave-length  =  external  wave-length h- refractive  index; 
but  it  must  be  remembered  that,  from  an  analytical  point  of 
view  the  internal  wave-length  and  refractive  index  are  imagi- 
nary, being  denoted  by  X-^/j,  and  fi  respectively. 
The  factor  expressing  the  absorption  is 


RoJti  «„». Rsin  a 


or,  in  terms  of  X', 


where,  it  will  be  remembered,  both  x  and  tan  a  are  negative, 
showing  that,  if  a.  be  constant,  the  penetration  expressed  in  terms 
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of  A.'  is  always  the  same.     In  cases  where  the  influence  of  opa- 
city is  overwhehning,  tana=  —1. 

In  order  to  form  an  idea  of  the  sort  of  magnitudes  with  which 
we  are  dealing,  let  us  take  silver — an  extreme  case.  Exact 
measurements  of  the  percentage  of  light  reflected  at  perpendi- 
cular incidence  are  wanting  (so  far  as  I  know)  ;  but  De  la  Pro- 
vostaye  and  Desains  found  in  some  cases  a  reflection  of  dark 
heat  amounting  to  95  per  cent.  Using  this  in  our  formulae, 
we  find 

11+ -jT  =2  cos  a.  39. 

Now,  since  cos  a  can  never  be  less  than  -7=,  it  follows  that  rrr- 

can  be  neglected  in  comparison  with  II ;  and  thus  R  =  80 cos  a; 

R  cos  a  =  80  cos* a;     II  sin  a  =  40  sin  2a. 
If  wc  further  suppose  that  the  great  value  of  R  is  due  to  opacity, 

we  may  put  cosa=  —j^,  and 
v  2 

R=40v/2,     Rcos«  =  40,     Rsin«=-40. 

Thus  X'=  -7, :  otherwise  the  ratio  of  X':  X,  is  still  smaller. 
40 

For  the  metals  it  is  probable  that  of  the  total  reflection  the 
greater  part  is  due  to  opacity ;  in  other  cases  it  often  happens 
that  the  eff'ect  of  opacity  is  only  a  slight  increase  of  the  reflec- 
tion that  would  otherwise  take  place.  Let  us  inquire  what  the 
strength  of  absorption  must  be. 

If  fiQ  denote  the  refractive  index  which  tlie  medium  would 

possess  iu  virtue  of  jts  density  alone  (  —  I,  we  have 


and 


R^cos2a  =  /i^,      R^sin  2a=  — /A^  — — • 

tan/- 1 
tan/-i-l 


while  the  reflection  is  given  by 


Reflection  =  ■'    ^. 


2  cos  a  V  R/       2cosa  \v/cos2a  fi^      J 

from  which  it  appears  that,  when  a  is  small,  its  eff'ect  depends 


on  or 


On  the  other  hand  the  factor  representing  the  absorption  is 
€     ^  ,  or  approximately  e     ^       , 
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in  which  the  coefficient  of  x  varies  as  «.  For  instance,  let  ~ 
a^  =  T-— .  The  eflfect  on  reflection  would  be  insensible  to  ordi- 
nary observation,  though  the  opacity  is  so  great  as  to  halve  the 
light  within  a  distance  equal  to  the  wave-length  in  air.  Thus 
it  is  evident  that,  in  order  to  aid  in  reflection,  opacity  must  be 
very  extreme. 

We  have  hitherto  supposed  that  the  reflection  takes  place  at 
the  bounding  surface  of  the  opaque  medium  and  air;  but  it  is 
easy  to  adapt  our  formulre  so  as  to  express  the  result  when  the 
first  medium,  still  supposed  transparent,  or  at  least  not  very 
opaque,  has  a  refractive  index  [jJ  dift'erent  from  unity.  The  only 
change  required  is  to  write  Rh-/a'  for  R.  Thus  at  perpendicular 
incidence, 

tan/= (-  +  17). 

cos  a  \/a'       R/ 

If  the  reflection  be  still  so  good  as  to  allow  of  the  neglect  of  the 
second  term,  we  have 

tan  f=  —. • 

ju.'  cos  a 

The  reflection  when  light  strikes  from  glass  on  silver  would  be 
considerably  less  perfect  than  when  the  first  medium  is  air;  in 
fact  the  percentage  not  reflected 

2  lJ  cos  a 

^iTI^^-R-^PP^^^- 

So  much  for  vibrations  perpendicular  to  the  plane  of  inci- 
dence. When  we  pass  to  the  consideration  of  vibrations  in  that 
plane,  we  are  embarrassed  by  difficulties,  of  the  kind  met  with  in 
the  theory  of  ordinary  reflection,  here  presenting  themselves  in 
an  aggravated  form.  If,  following  Green,  we  assumed  the  equa- 
tions of  motion  applicable  to  elastic  solids  with  the  addition  of 
terms  proportional  to  the  velocity  to  represent  the  frictional  loss, 
and  further  supposed  that  the  rigidity  is  the  same  in  the  two 
media,  while  the  compressibility  is  indefinitely  small,  we  should 
arrive  at  results  differing  only  from  his  by  the  substitution  of  an 
imaginary  for  a  real  refractive  index.  But  we  know  from  expe- 
riment that  Green's  results  are  not  verified  for  transparent  media 
without  a  modification  of  doubtful  significance,  and  of  magnitude 
increasing  rapidly  with  ^.  It  is  therefore  useless  to  attempt  to 
apply  Green's  results.  The  only  other  course  appears  to  be  to 
start  from  EresneFs  tangent-formula,  and  transform  that,  as  we 
have  done  the  one  involving  sines,  by  the  introduction  of  a  com- 
plex refractive  index  (and  angle  of  refraction) .  This  is  what  has 
been  done  by  Cauchy  and   Eisenlohr.      Following  a  process 
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similar  to  that  used  for  vibrations  nornial  to  the  plane  of  inci- 
dence and  with  the  same  notation,  we  find  that  the  intensity  of 

the  reflected  light  is  represented  by  tan  \ff—j))  where 

cot  a  =  cos  (a  —  u)  sin  2  tan~ '  ( ^i^ ^  ), 

•^  ^         '  \Kcos0J' 

while  the  change  of  phase  d'  is  given  by 

tan<:?'=:  sin  (a  — m)  tan2tan~'(  ^f; -J. 

Vi*-  cos  6/ 

How^ever,  what  we  should  most  require  for  comparison  with 
experiment  relates  to  the  relative  intensities  and  changes  of 
phase  of  the  two  polarized  components ;  and  these  are  directly 
obtained  by  Eisenlohr  by  transforming  Fresnel's  corresponding 
expression*  after  the  introduction  of  the  complex  refractive  index. 
If  the  ratio  of  the  amplitudes  be  called  tau/3,  we  have 

cos  2B  =  cos  (a  +  u)  sin  2  tan~ '  (  -^ _  V 

Veil  cos  6/ 

tan  (d'—d)=  sin  (a  +  u)  tan  2  tiin"W -pi A, 

'  ^  \cli  cos  u/ 

c  and  u  being  determined  as  before.  Eisenlohr  has  compared 
these  formulae  with  measurements  made  by  Jamin  relating  to 
the  so-called  principal  angle  of  incidence  (making  d'  —  d  equal  to 

-)  and  the  corresponding  ratio  of  amplitudes,  and  has  deduced, 
4 

as  I  have  ah'cady  remarked,  values  of  the  constants  which  make 
the  real  part  of  yu-^  negative,  and  are  therefore  inadmissible.  An- 
other argument  leading  to  the  same  conclusion  is  as  follows. 

Consider  a  case  in  which  fA/^  is  so  considerable  that  c  is  sen- 
sibly equal  to  unity  and  a  to  zero,  or,  in  other  words,  so  refrac- 
tive that  the  entering  ray  is  always  sensibly  ])arallel  to  the  nor- 
mal of  the  surface;  and  let  the  incident  ray  strike  the  surface 
at  that  particular  angle  which  gives  a  relative  phase-difference 
of  a  quarter  of  a  period.  The  angle  in  question  is  that  deter- 
mined by 

sin^  6    _ 

cli  cos  ^  ~  ^ 
80  that 

cos  2/9=  cos«. 

Since  a  must  lie  between  0  and  —  — ,  cos  2/3  must  be  comprised 

♦  cos(g,-f<9) 
cos  [6.-6)' 
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between  the  limits  1  and  -v='     Now  in  order  that  the  reflection 

may  be  perfect  at  all  angles  of  incidence,  it  is  only  necessary 
that  the  density  or  opacity  or  both  should  be  sufficiently  large ; 
and  then  cos  2/8  must  be  sensibly  equal  to  zero.  And  yet  if  the 
formulae  under  consideration  were  true,  there  would  always  be  a 
certain  angle  of  incidence  making  the  ratio  of  the  two  polarized 
components  very  different  from  unity — a  state  of  things  incom- 
patible with  a  nearly  complete  reflection.  I  do  not  think  that 
the  failure  of  the  formulae  for  light  vibrating  in  the  plane  of  in- 
cidence need  cause  surprise,  when  it  is  considered  that  Fresnel's 
tangent-formula,  which  forms  the  starting-point  of  the  investi- 
gation, is  not  verified  even  with  transparent  media,  and  differs 
more  and  more  from  the  truth  as  the  refracting-power  increases. 
The  failure  of  theory  is  the  more  unfortunate,  because  the  rela- 
tive change  of  phase  and  ratio  of  amplitudes  for  the  two  polarized 
components  are  precisely  the  quantities  best  adapted  to  experi- 
mental measurement.  As  it  is,  we  must  conclude,  I  fear,  that 
the  careful  investigations  of  Janiin  on  the  subject  are  at  present 
unavailable  for  the  purpose  of  forming  an  estimate  of  the  values 
of  the  density  and  opacity  of  the  various  metals.  Experiments 
on  the  absolute  reflecting-power  of  the  metals  for  the  different 
parts  of  the  spectrum  at  perpendicular  incidence  would  be  va- 
luable and  probably  easy ;  but  they  do  not  appear  to  have  been 
attempted. 

It  has  hitherto  been  supposed  that  there  is  no  interruption  in 
the  continuity  of  the  metallic  medium  within  such  a  distance  from 
the  surface  that  the  intromitted  wave  is  still  sensible.  This  is  a 
very  different  thing  from  assuming,  as  it  has  been  asserted  that 
the  theory  does*,  that  the  reflection  takes  place  entirely  from 
the  surface,  if  indeed  such  an  assumption  could  have  any  mean- 
ing. When,  as  in  the  experiments  of  Quincke,  the  metallic 
layer  is  so  thin  as  to  transmit  a  sensible  quantity  of  light,  it  is 
clear  that  the  theory  requires  modiflcation.  If  the  medium  on 
the  two  sides  of  the  metal  are  optically  similar,  a  sufficient  re- 
duction of  the  thickness  of  the  layer  must  at  last  result  in  a 
destruction  of  the  reflection,  just  as  with  thin  transparent  plates. 

One  of  the  most  remarkable  of  Quincke^s  results  relates  to  the 
influence  of  a  thin  metallic  layer  on  ihcj^hase  of  the  transmitted 
light.  In  many  cases  the  phase  was  accelerated  so  as  to  be  in 
advance  of  what  would  correspond  to  a  layer  of  air  in  place  of 
the  silver — an  effect  which,  according  to  ordinary  ideas,  would 
imply  a  refractive  index  less  than  unity.  However,  it  is  not  dif- 
ficult to  see  that,  in  regard  to  the  effect  on  the  phase  of  the 

*  Wiillner,  Lehrbuch  der  Experimentale  Physik,  vol.  ii.  p.  471. 
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transmitted  wave,  the  influence  of  opacity  is  altogether  different 
from  that  of  density.  According  to  a  method  used  by  me  in 
the  investigation  of  the  light  scattered  from  very  small  particles 
(as  in  the  sky)*,  we  may  suppose  that  the  incident  wave  passes 
on  undisturbed,  if  suitable  forces  are  imagined  to  act  on  the 
aether  in  the  metal  in  order  to  compensate  for  the  alteration  of 
optical  properties.  In  the  case  when  the  thickness  of  the  me- 
tallic plate  is  small  compared  to  the  internal  wave-length,  this 
point  of  view  possesses  considerable  advantages,  and  gives  a 
clear  insight  into  the  peculiarities  of  the  question.  The  forces 
which  we  must  suppose  to  act  in  the  region  of  the  metallic 
layer  divide  themselves  into  two  groups — one  dependent  on  va- 
riation of  density,  and  the  other  on  opacity.  The  first  set  cor- 
respond in  phase  with  the  acceleration  of  the  gather,  the  second 
with  the  velocity.'  There  is  thus  a  difference  of  a  quarter  of  a 
period.  In  my  former  paper  I  showed  that  the  effect  of  a  force 
acting  at  any  point  is  to  produce  at  another,  distant  r  from  it,  a 
disturbance  whose  retardation  relative  to  the  force  is  ?•  sin)ply. 
In  our  case  each  particle  of  the  plate  must  be  considered  to  be 
a  centre  from  which  a  disturbance  emanates;  and  it  will  readily 
appear  that  the  phase  due  to  the  whole  system  of  forces  is  just 
a  quarter  of  a  period  behind  that  corresponding  to  that  element 
of  disturbance  which  suffers  least  retardation.  In  fact,  if  we 
divide  the  whole  plate  into  Huygheus^s  zones,  we  know  that  the 
effect  of  the  whole  is  the  half  of  that  of  the  first  zone.  Now  the 
phase  of  the  disturbance  due  to  the  first  zone  is  the  mean  be- 
tween that  corresponding  to  its  centre  and  circumference,  of 
which  the  latter  is  half  a  pei-iod  behind  the  former.  Thus  the 
wave  produced  by  the  set  of  forces  due  to  the  alteration  of  den- 
sity is  a  quarter  of  a  period  behind  the  direct  wave  which  has 
been  supposed  to  pass  through  undisturbed.  The  effect  of  the 
disturbance  is  accordingly  a  maximum  on  the  phase  (calculated 
without  allowance  for  the  metallic  plate),  and  a  minimum  (to  the 
order  of  approximation  here  considered,  vanishing)  on  the  in- 
tensity. It  is  just  the  opposite  with  the  second  group  of  forces 
due  to  the  opacity,  which  are  originally  a  quarter  of  a  period 
behind  the  first.  The  disturbance  due  to  them  will  be  half  a 
period  behind  the  direct  wave  with  which  it  has  to  be  com- 
pounded, and  therefore  produces  a  nuiximum  effect  on  the  inten- 
sity and  a  vaiiishiny  one  on  the  phase.  A  very  thin  film  can 
jnoduce  no  effect  on  the  ])hase  of  the  transmitted  light  in  virtue 
of  its  opacity,  however  great,  but  acts  just  as  if  it  were  deprived 
of  its  absorbent  power  and  reduced  to  the  condition  of  an  ordi- 
naiy  transparent  j)late.  Of  course  this  does  not  explain  the  ac- 
celeration of  phase  found  by  (iuiiieke  ;  but  it  shows  at  least  that 
*   I'hil.  Ma-.  l-Vbruaiy  1871. 
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we  must  be  prepared  to  distinguish  between  the  effects  of  den- 
sity and  opacity,  though  these  are  in  the  same  direction  so  far 
as  regards  the  magnitude  of  the  reflection  &c. 

Let  us  then  consider  analytically  the  behaviour  of  a  thin  me- 
tallic plate  when  light  is  incident  normally  upon  it.  Above  let 
the  disturbance  be 

below  the  plate,, 

In  the  interior  we  must  introduce  both  kinds  of  exponentials,  in 
order  to  represent  the  reflection  from  the  second  surface.     Thus 

where  a^-=-iia  as  before. 

The  conditions  to  be  satisfied  are  the  continuity  of  f  and  -^ 

at  the  two  surfaces  of  separation,  viz.  when  .r  =  0  and  when 
x=- — 8,  which  give  four  simple  equations  for  the  determination 
of  Bp  A',  B',  Ag.     On  elimination  of  A',  B',  we  obtain 

„ (^^— 1)?  sin^aS 


Ao= 


2yu,  COS  /iflS  +  (yu,^  + 1)  i  sin  /xaS 


COS  /xflS  -f  {  -— —  \i  sin  /i«S 


^2-  ,,^2. 

2/u, 

These  expressions  contain  the  ordinary  results  for  transparent 
plates.     Considering  /^  real,  the  reflected  wave  is 

[[i?  —  \)  sin/iflS 


\^Aii^  cos2  /iflS  +  (yct^  + 1)'^  sm^  ytiflS 
where 

Z^'  +  l.  5^ 

tan  e= -; —  tan  aab. 

2/x 

Similarly  the  transmitted  wave  is 

1 


g!"(  — oj+ci  +  e) 


ciToj'+c^+aS+e') 


a/  cos^ ytiflS  +  (  — - —  j   sin^ ^aS 
where 

tan  e——  '—- tan  uaS. 

2,a 

If  /j,a8  be  very  small,  the  expression  for  the  wave  becomes  ap- 
proximately 
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this  case  there  is  no  loss  of  intensity  in  the  transmitted  light, 

and  the  retardation  is  — - — 3. 

But  if  /*  be  complex  (equal  to  Re'"), 

-(RV'«-l)isin(Re''gS) 

'~  2Re'«  cos  (Re'^aS)  +  i(RV"+  1)  sin  (Re'-'aS) ' 

The  intensity  of  the  reflected  light  is  to  be  found  by  multiplying 
B^  by  the  quantity  derived  from  it  by  changing  the  sign  of  i. 
The  numerator  of  the  resulting  fraction  is 

(R4-2R^ cos  2«+ 1)  sin  (Re'^aS)  sin  (Re-V/S) . 

The  product  of  sines  is  the  half  of 

cos { 2R  sin  u  .iah]  —  cos { 2R  cos  a.  .a^'\ 

_i  (g2Rsina.aS^e-Rsina.a«^  _  COS  ]2R  COS  «  ,  flS J  . 

We  may  infer  that  the  intensity  of  the  reflected  light  is  nearly 
proportional  to 

2cos-|2Rcosa.oS|- 

£2Rsina  .  uS    i    g— 2Rsina  .aS 

For  transparent  media  the  sum  of  exponentials  reduces  to  the 
constant  2,  but  for  opaque  media  it  increases  rapidly  with  h. 
After  the  first,  corresponding  to  6  =  0,  the  minima  are  no  longer 
zero,  and  soon  all  fluctuation  becomes  insensible. 

Another  effect  of  the  exponential  terms  is  to  displace  the  po- 
sition of  the  maxima  and  minima  with  respect  to  h.  They  tend 
to  occur  earlier  than  they  otherwise  would  do.  In  our  ignorance 
of  the  values  of  the  constants  it  seems  hardly  worth  while  to  fol- 
low the  result  more  minutely. 

The  transformation  of  A^  when  /x  is  complex  leads  to  a  long 
expression  ;  and  I  will  therefore  confine  myself  to  the  particular 
case  of  a  very  thin  layer,  whose  thickness  does  not  amount  to 
more  than  a  small  fraction  of  the  wave-length. 

Let  the  reduced  expression  for  the  transuiitted  wave  be 

^\^g.(«a;+rO=  (amplitude)  e'-c^+^i+ci+co. 
Then  c'  is  given  by  the  equation 

tan  C'=  -.— pr; rrr, 

if  we  denote  the  denominator  of  the  expression  for  A. 2  ^y  -D;  V\\2X 
derived  from  it  by  changing  the  sign  of  i  by  D'.     Now 
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U=  I ^ 1 ^ lab  -f  cubes  in  by 

i)  =  1 —^ lah  +  cubes  in  6 ; 

.'.  D'-D  =  IlV52isin  2«-i«8(l  +Il2cos  2a), 
D'+D  =  2-IlVS2cos2«-R2sin2«.GSj 

,_  -g8(l+R^cos2a)+R^sin2«.Q^a^ 
.-.  tan  (/-   2-U^cos2u  .  o^S-^-K^sin  2«  .  aS 

_      flg(l  +  R'cos2«)r        R^sin2«.a5/1  1 


V2      1  +  R2  cos  2« 
As  a  first  approximation, 

e'=-^(l  +  R^cos2«); 

and  the  transmitted  wave  is 

(amplitude)  e'^<^' ^    '^^^'K 

R^cos2«— 1 
so  that  the  retardation  is  ^ —  8,  independent  of  the 

opacity,  as  we  have  ah-eady  seen  it  ought  to  be. 

The  second  term  in  the  approximate  value  of  e'  has  a  contrary 
effect  to  the  first,  because  sin  2«  is  negative.  Moreover  sin  2a 
is  numerically  large.  This  may  account  for  the  acceleration  of 
phase  observed  by  Quincke — though  if  this  explanation  be  cor- 
rect, there  must  always  be  a  retardation  when  the  film  is  thin 
enough.  It  may  happen  that,  in  virtue  of  the  great  opacity  of 
silver,  its  elimination  by  a  reduction  of  the  thickness  may  be 
impracticable  without  at  the  same  time  bringing  the  retardation 
due  to  density  below  the  point  at  which  it  could  be  detected. 

Terling  Place,  Witham, 
January  18,  18/2. 

Postscript. — Since  the  above  was  written  there  has  appeared  a 
paper  by  0.  E.  Meyer,  entitled  "An  Attempt  to  account  for 
Anomalous  Dispersion  of  Light"*,  in  which  the  author  arrives 
at  an  expression  for  the  refractive  index  equivalent  to  that  foMud 
above  as  the  value  of  R  cos  «,  namely 


ij'l^'' 


Rcos.=  ^4/       "  ^    ^  '   '^'' 


Considering  h  constant,  he  sees  in  this  an  explanation  of  anoma- 

*  Pogg.  Ann.  vol.  cxlv.  p.  80,  translated  in  Phil.  Mag.  vol.  xliii.  p.  295. 
Phil.  Mag.  S.  4.  Vol.  43.  No.  287.  May  1872.  ^  Z 
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Ions  dispersion,  inasmuch  as  Rcos  a  increases  with  \{c  a  X~').  In 
this  view  I  cannot  at  all  agree.  Meyer  seems  to  have  overlooked 
the  fact  that  h  (in  his  notation  k),  the  constant  of  opacity,  is 
subject  to  enormous  chromatic  variations,  in  comparison  with 
which  those  of  \  may  be  treated  as  quite  insignificant.  But 
this  is  not  all.  It  has  been  laid  down  by  Kundt  as  the  result 
of  his  observations — and  a  very  remarkable  and  suggestive  result 
it  is — that  the  anomalous  effect  is  not  confined  to  those  rays 
which  are  intensely  absorbed.  Probably  indeed  the  effect  va- 
nishes at  that  part  of  the  spectrum  which  corresponds  to  the 
centre  of  the  absorption- band,  where,  according  to  Meyer's  foi'- 
mula  (though  not  his  interpretation  of  it),  it  should  be  a  maxi- 
mum. I  have  already  indicated  what  appears  to  me  to  be  the 
true  mechanical  character  of  the  phenomenon  by  an  illustration 
derived  from  ordinary  dynamics.  The  mathematical  analysis  of 
the  problem  referred  to,  which  turns  up  in  almost  all  branches 
of  physics  dealing  with  vibrations,  is  well  known  and  therefore 
need  not  be  given  here. 
April  5, 


w 


XLI.  Reply  to  Professor  Clausius.     By  P.  G.  Tatt*. 

HEN  Professor  Clausius  succeeds  in  making  his  own 
countrymen  regard  him  as  the  discoverer  of  the  Dissi- 
pation of  Energy  (sec,  for  instance,  Ilelmholtz,  Populch-e  wis- 
senschaftlicheVortrilge,  Ilcft  ii.  p.  117)  it  will  be  time  enough  to 
complain  that  foreigners  do  not  give  him  that  credit. 

As  regards  the  question  to  whom  is  due  the  credit  of  first  cor- 
rectly adapting  Carnot's  magnificently  original  methods  to  the 
true  theory  of  heat,  it  is  only  necessary  to  compare  the  Axiom 
of  Professor  Clausius's  first  paper  (the  only  one  which  has  a 
chance  of  priority  over  Thomson)  with  the  behaviour  of  a  thermo- 
electric circuit  in  which  the  hot  junction  is  at  a  temperature 
higher  than  the  neutral  point,  and  where  therefore  heat  does,  of 
itself,  pass  from  a  colder  to  a  hotter  body.  A  thermo-electric 
battery,  worked  with  ice  and  boiling  water,  is  capable  of  raising 
to  incandescence  a  fine  wire,  giving  another  excellent  instance 
of  tlie  fallacy  of  the  so-called  axiom. 

Professor  Clausius  has  rendered  many  services  to  science, 
especially  in  the  Kinetic  Theory  of  Gases ;  but  he  has  done,  and 
Kcems  to  take  credit  in  doing,  uncompensated  mischief  by  his 
introduction  of  what  he  calls  innere  Arbeit  and  Disgrcgation. 
In  our  ])rcsent  ignorance  of  the  nature  of  matter,  such  idea?  can 
do  only  harm;  and  no  one  will  dispute  his  full  claim  to  originality 
as  regards  I  hem. 

Comnnuiicntcd  1)V  tlic  Autiior. 
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XLII.   On  Hamilton's  Principle  and  the  Second  Proposition  of 
the  Mechanical  Theory  of  Heat.     By  C.  Szily*. 

THE  history  of  the  development  of  modern  physics  speaks 
decidedly  in  favour  of  the  view  that  only  those  theories 
which  are  based  on  mechanical  principles  are  capable  of  affording 
a  satisfactory  explanation  of  the  phenomena. 

The  first  proposition  of  the  theory  of  heat  would  certainly  not 
have  spread  so  quickly^  and  in  a  year  or  two  have  penetrated 
every  branch  of  physical  science,  if  it  had  not  been  preceded  by 
an  analogous  proposition,  viz.  that  of  the  equivalence  of  work 
and  vis  viva.  The  perfect  concordance  which  prevails  between 
the  first  proposition  of  the  theory  of  heat  and  a  fundamental 
principle  of  mechanics  secured  to  both  the  possibility  of  quickly 
penetrating  all  branches  of  physics,  although  up  to  the  present 
time  the  mechanical  equivalent  of  light,  of  chemical  affinity,  and 
of  electricity  are  not  yet  known. 

The  second  proposition  of  the  theory  of  heat  is  scarcely  two 
years  more  recent  than  the  first ;  its  bearing  is  already  not  less 
— nay,  when  we  take  into  consideration  the  defective  development 
of  the  other  branches  of  physics,  it  will  perhaps  be  still  greater 
than  that  of  the  first ;  and  yet,  while  the  first  proposition,  one 
might  say,  took  the  whole  domain  of  physical  science  by  storm, 
the  second  has  hitherto  scarcely  been  able  to  extend  beyond 
the  limits  of  the  theory  of  heat. 

Wherein  lies  the  reason  of  this  striking  phenomenon  ?  It 
appears  to  me,  partly  in  this — that  the  second  proposition  of  the 
theory  of  heat  did  not  find  in  mechanics  any  correlative  principle 
so  generally  known  as  the  first  did  in  the  principle  of  the  equi- 
valence of  work  and  vis  viva.  For,  if  we  express  the  second 
proposition  in  words  or  in  mathematical  symbols,  we  can  hardly 
say  that  it  reminds  us  of  any  principle  whatever  in  mechanics. 

Although  the  analogous  proposition  of  mechanics  was  not  re- 
cognized, or  at  least  not  placed  in  apposition  with  that  of  the 
theory  of  heat,  yet  almost  every  one  had  no  doubt  that  there 
must  exist  in  dynamics  a  relation  similar  to  this  second  propo- 
sition ',  for,  if  heat  is  only  a  particular  kind  of  motion,  that  equa- 
tion of  the  theory  of  heat  must  be  contained  in  the  equations 
relative  to  the  most  universal  motion.  The  only  question  was, 
Which  equation  in  dynamics  leads,  in  a  certain  special  case,  to  the 
second  proposition  of  the  theory  of  heat  1  or,  inversely,  To  tvhick 
equation  in  dynamics  can  the  second  ^Ji-oposition  of  the  theory  of 
heat  be  reduced  ? 

*  Communicated  by  the  Author.  Prom  the  Mayyar  Akademia  Ertekesei 
(Proceedings  of  the  Ilungnrian  Academy  of  Science),  having  been  read 
December  U,  18/1. 
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The  first  who,  to  my  knowledge,  occupied  himself  vvitli  this 
question  was  Ludwig  Bolzmann.  His  memoir  relative  to  it 
was  presented  to  the  Vienna  Academy  on  the  8th  of  February, 
18()G,  and  appeared  in  the  SitzunyabericJde  imder  the  title  "  On 
tlie  Mechanical  Si&nifieation  of  the  Second  Proposition  of  the 
Theory  of  Heat/'  " 

Independently  of  Bolzmann,  and  evidently  unaware  of  the 
existence  of  his  memoir,  Clausius  laid  before  the  Society  for 
Natural  and  Medical  Science  of  the  Lower  Rhine,  on  the  7th 
November  1870,  a  memoir  entitled  "On  the  Reduction  of  the 
Second  Axiom  of  the  Mechanical  Theory  of  Heat  to  general 
Mechanical  Principles  "-"i^. 

The  result  in  both  memoirs  is  much  the  same  : — "  The  second 
proposition  of  the  mechanical  theory  of  heat  is  capable  of  being 
explained  from  the  principles  of  analytical  mechanics.  For  this 
purpose,  however,  new  and  peculiar  developments  are  necessary ; 
and  the  calculations  relative  to  it  are  very  similar  to  those  ge- 
nerally made  use  of  in  order  to  demonstrate  the  so-called  'prin- 
ciple of  least  action.'  " 

Clausius  investigated,  in  the  first  place,  what  connexion  exists 
between  the  periodical  motions  of  a  material  point  in  a  closed 
path,  presupposing  conservative  forces  (that  is,  possessing  a 
force-function) ;  he  next  discusses  the  possible  causes  of  altera- 
tion of  path,  and  shows  the  validity  of  the  equations  advanced 
in  the  different  cases.  h\  the  third  part  of  his  memoir  Clausius 
passes  from  this  simple  case  to  more  complicated  ones,  by  assu- 
ming a  whole  system  of  reciprocally  acting  material  ponits  in 
periodical  motion  in  closed  paths.  He  then  generalizes  the 
equations  for  such  stationary  motions  as  do  not  take  place  in 
closed  paths.  The  mechanical  equation  thus  deduced,  and  with 
which  he  next  compares  the  second  proposition  of  the  theory 
of  heat,  is  the  following : — 

gL  =  ST  +  2T51ogz, 

in  which  8L  denotes  the  work  which  the  conservative  forces 
must  accomplish  that  the  system  may  pass  from  a  given  station- 
ary motion  into  another  stationary  motion ; 

signifies  the  meanwhile  resulting  variation  of  the  mean  vis  viva 
of  the  system,  and  i  the  duration  of  a  motion-jieriod. 

My  attention  having  been  directed  by  Clausius's  memoir  to 
the  rehition  subsisting  between  his  equation  and  llie  principle  of 

•  Phil.  Mag.  ^^.  •I.  vol.  xlii.  p.  ICL 
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least  action,  on  tlie  one  liand^  and  tlic  second  proposition  of  tlic 
theory  of  heat,  on  the  other,  I  considered  that  it  would  not  bo 
uninteresting  to  investigate  tlie  question,  ivhat  connexion  subsists 
between  the  second  propositio7i  of  the  theory  of  heat  and  Hamilton's 
dynamic  principle"^  ivhich  relates  to  varying  action. 

Hamilton's  principle  may  be  expressed  as  follows  f: — 
If  any  conservative  system  of  material  points  be  in  any  free 
motion  between  any  initial  and  final  configuration,  the  following 
equation  will  be  universally  valid  for  an  infinitely  small  altera- 
tion of  this  motion  : — 

§A  =  S?«fiS5j— Smt'oS^o  +  'iSE,     ....     (1) 

where  m  is  the  mass  of  a  point  of  the  system ;  S^j  and  ^Sq  arc 
the  displacements  of  the  same  ])oint  from  the  previous  final  con- 
figuration into  the  new  one,  and  from  the  previous  initial  confi- 
guration into  the  new  one,  respectively;  v^  and  ?'q  denote  the 
velocity,  measured  always  in  the  direction  of  displacement,  of  the 
same  point  in  the  earlier  final  configuration  and  initial  configu- 
ration respectively ;  i  is  the  time  during  which  the  system  passes 
from  the  first  initial  configuration  to  the  first  final  connguration. 
SA  is  the  difference  of  action,  and  SE  the  difference  of  total 
energy,  between  the  new  and  the  former  path.  By  action  is 
understood  the  time-integral  of  twice  the  vis  viva  for  the  time 
during  which  the  system  passes  from  the  initial  to  the  final  con- 
figuration ;  by  total  energy,  the  sum  of  the  kinetic  and  potential 
energies  present  at  a  determined  moment.  Thus  both  A  andE 
in  one  and  the  same  path  are  constant,  in  whatever  configura- 
tion the  system  may  be,  but  in  general  variable  from  path  to  path. 
If  the  total  vis  viva  of  the  system  at  a  fixed  time  be  T,  then 

k=C2T.dt.     ......     (2) 

If,  further,  U  be  the  potential  energy  of  the  system  at  the  same 
instant,  then  the  total  energy 

E  =  T  +  U. 

Both  T  and  U  have  different  values  at  different  points  of  the 
path ;  but  their  sum  is  the  same  constant  quantity  for  all  points 
of  the  path.     Hence 

i.E=r(T  +  U)f// (3) 

*  0 

Takmg  into  consideration  equations  (2)  and  (3),  Hamilton's 

*  Ilamiltou  :  "  On  a  General  Method  in  Dynamics,"  Phil.  Trans.  183 1 ; 
"  Second  Essay  on  a  General  Metliod  in  Dynamics,"  ibid.  18.'35. 

t  Conf.  SirW.  Thomson  and  P.  G.  Tuit,  'Ticatise  on  Natural  Philo- 
sophy/ vol.  i.  p.  235. 
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priuciple,  expressed  in  equation  (1),  assumes  the  following  more 
la  miliar  form  : — 

8\\T-V)dt  =  '^mViSsi  —  ^mvQ^SQ—'EBi 

lleturuing  to  the  first  form,  let  us  inquire  when  is  the  varia- 
tion of  the  action  independent  of  the  initial  and  fiual  configura- 
tions ?     This  will  be  the  case  when 

SwiWiS^i  =  S/nioS^o, — (4) 

that  is,  when  the  action  in  the  time  during  which  the  system  is 
passing  from  the  previous  to  the  new  initial  configuration  is  just 
equal  to  the  action  during  the  passage  of  the  system  from  the 
previous  to  the  new  final  configuration. 
The  condition  in  (4)  is,  e.  <j.,  satisfied : — 

When  the  paths  all  start  from  a  common  initial  position  and 
pass  over  to  a  common  final  position;  for  then  Ssi  =  0 
and  S^Q=0  for  every  point  of  the  system  ;  or 
When  the  paths  are  closed  and  the  motions  periodic ;  for 
then  Ssi  =  &Q  and  v■^^  =  Vq  for  every  ])oint  of  the  system ;  or 
When  the  paths  are  not  closed,  but  the  displacement  of 
every  point  in  the  initial  and  in  the  final  configuration 
proceeds  according  to  the  equation  v^hs^  =  VQhsQ. 
All  these  are  only  special  cases ;  the  general  condition  is  given 
in  equation  (4) . 

AMien,  in  the  motion  of  the  system,  the  alteration  of  the  mo- 
tion satisfies  equation  (1),  Hamilton's  principle  can  be  expressed 
very  simply :  — 

8A  =  iSE; (5) 

that  is,  the  variation  of  the  action  in  the  transition  from  07ie  jjath 
to  another  is  ecjual  to  the  product  of  the  time  necessary  for  the 
acconqjlishnient  of  tlie  path,  into  the  variation  of  the  total  energy. 
Let  T  be  the  mean  value  of  the  total  vis  viva  during  a  period 
of  the  motion ;  then 


['Mt, 


?T; 
and  _ 

A=:2?T*, 

*  Introducing  tins  value  of  A  into  equation  (5),  and  remembering  that, 
according  to  equation  (3), 

E  =  T+U, 
it  follows  that  _      __  _        _ 

2/:6T+2TSi=i6T-|-i8U, 
and  hence 

8U  =  fit-|-2T61og/; 
and  this  is  the  cqniition  of  Clansins. 
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whence  it  follows  that 

8E  =  T.Slog(if)2. 
Or  if  we  replace  the  symbol  of  variation  by  that  of  diflfereu- 
tiation^aud,  instead  of  by  T,  denote  the  mean  value  of  the  m  v?v« 
simply  by  T,  then 

^  =  ^log(eT)^ (6) 

Let  us  suppose  this  equation  integrated  for  a  circular  process, 
and  bear  in  mind  that  e'T  has  the  same  value  at  the  end  of  the 
process  as  at  its  beginning  ;  then 

f =0; (7) 

and  this  is  the  equation  which  Clausius,  in  the  year  1854,  first 
published  as  an  expression  of  the  second  proposition  of  the 
theory  of  heat,  for  conservative  circular  processes. 

When  the  system  is  not  conservative,  and  therefore,  besides 
the  forces  with  a  force-function,  either  the  friction  of  solid  bodies, 
or  viscosity  of  fluids,  or  other  such  like  dissipative  forces  operate, 
the  energy  lost  SR  in  overcoming  the  resistance  must  be  added, 
in  the  last  term  of  equation  (1)  expressing  Hamilton's  principle, 
to  the  variation  of  the  total  energy,  and  therefore  equation  (5) 
is  transformed  into  the  following : — 

SA=2(SE  +  8R).     : (8) 

Taking  into  account  that  SR  always  denotes  energy  lost,  and 
hence  is  always  positive  in  this  equation,  equation  (7)  changes 
into  the  following  inequality  : — 

J^<0 (9) 

This  is  the  identical  one  advanced  by  Clausius,  in  the  theory 
of  heat,  for  dissipative  circular  processes. 

Hereby  the  second  proposition  of  the  theory  of  heat  is  reduced 
to  a  universal  principle  of  dynamics.  What  in  thermodynamics 
we  call  the  second ^jroposiiion,  is  in  dynamics  no  other  than  Ha- 
milton's principle,  the  identical princijjle  which  has  already  found 
manifold  applications  in  several  branches  of  mathematical  i^hysics. 

XLIII.  Note  on  Recurrent  Vision. 
By  Professor  C.  A.  Young,  of  Dartmouth  College*, 

N  the  course  of  some  experiments  with  a  new  double-plate 
Holtz  machine,  belonging  to  the  college,  I  have  come  upon 
a  very  curious  phenomenon,  which  I  do  not  remember  ever  to 

*  Communicated  by  the  Author  from  the  American  Journal  of  Science 
and  Art  for  April  18/2. 
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liavc  seen  noticed.  The  machine  gives,  easily,  intense  Leydcn- 
jar  sparks  from  7  to  9  inches  in  length,  and  of  most  dazzling 
brilliance,  at  the  rate  of  seventy  a  minute.  When,  in  a  darkened 
room,  the  eye  is  screened  from  the  direct  light  of  the  spark,  the 
ilhimination  produced  is  sufficient  to  render  every  thing  in  the 
ajjartnient  perfectly  visible ;  and,  ^vhat  is  remarkable,  every  con- 
spicuous object  is  seen  twice  at  least,  with  an  interval  of  a  trifle 
less  than  a  quarter  of  a  second — the  first  time  vividly,  the  second 
time  faintly  ;  often  it  is  seen  a  third,  and  sometimes  (but  only 
with  great  difliculty)  even  a  fourth  time.  The  appearance  is 
precisely  as  if  the  object  had  been  suddenly  illuminated  by  a 
light  at  first  bright,  but  rapidly  fading  to  extinction,  and  as  if, 
while  the  illumination  lasted,  the  observer  were  winking  as  fast 
as  possible. 

I  see  it  best  by  setting  up  in  front  of  the  machine,  at  a  dis- 
tance of  8  or  10  feet,  a  white  screen  having  upon  it  a  black 
cross,  with  arms  about  3  feet  long  and  1  foot  wide,  made  of 
strips  of  cambric.  That  the  phenomenon  is  really  subjective, 
and  not  due  to  a  succession  of  sparks,  is  easily  shown  by  swing- 
in"-  the  screen  from  side  to  side.  The  black  cross,  at  all  the 
periods  of  visibility,  occupies  the  same  place,  and  is  apparently 
stationary.  The  same  is  true  of  a  stroboscopic  disk  in  rajiid  re- 
volution :  it  is  seen  several  times  by  eacli  sj)ark,  but  each  time 
in  the  same  position.  There  is  no  apparent  multiplication  of  a 
moving  object  of  any  sort. 

The  interval  between  the  successive  instants  of  visibility  was 
measured  roughly  as  follow^s : — A  tuning-fork,  making  92^  vi- 
brations per  second,  was  adjusted  so  as  to  record  its  motion  upon 
the  smoked  surface  of  a  revolving  cylinder ;  and  an  electromagnet 
vas  so  arranged  as  to  record  any  motion  of  its  armature  upon 
the  trace  of  the  fork;  a  key  connected  with  this  magnet  was  in 
the  hands  of  the  observer.  An  assistant  turned  the  machine 
slowly,  so  as  to  produce  a  spark  once  in  two  or  three  seconds, 
while  the  observer  manipulated  the  key. 

In  my  own  case  the  mean  of  a  dozen  experiments  gave  0-22 
second  as  the  interval  between  the  first  and  second  seeing  of  the 
cross  ui)on  the  screen,  the  separate  results  varying  from  0-17  to 
030  second.  Another  observer  found  0-24  second  as  the  result 
of  a  similar  series. 

Whatever  the  true  explanation  may  turn  out  to  be,  the  phe- 
nomenon at  least  suggests  the  idea  of  a  rcjlcction  of  the  nervous 
imjndsc  at  the  nerve  extremities — as  if  the  intense  impression 
upon  the  retina,  after  l)eing  the  first  time  ])r()pagatcd  to  the 
brain,  were  there  rclleetcd,  returned  to  the  retina,  and,  travelling 
again  from  the  retina  to  the  brain,  renewed  the  sensation.  1 
have  ventured  to  call  the  phenomenon  "  Recurrent  vision." 
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It  may  be  seen,  with  some  difficulty^  by  the  help  of  an  induc- 
tion-coil and  Leyden  jar;  or  even  by  simply  charging  a  Lcyden 
jar  with  an  old-fashioned  electrical  machine  and  discharging  it 
in  a  darkened  room.  The  spark  must  be  at  least  an  inch  in 
length  ;  and,  furthermore,  the  size  and  distance  of  the  electrodes 
and  the  charge  of  the  jar  must  be  so  adjusted  that  the  discharge 
shall  be  single — a  condition  not  always  easy  to  fulfil  with  a  short 
striking-distance. 

Hanover,  U.  S.,  February  9,  1872. 


XLIV.    On  the  Orif/in  of  the  Earth's  Magnetism,  and  the  Mag- 
netic Relations  of  the  Heavenly  Bodies.     By  F.  Zollnek^. 

1. 

AT  the  last  Meeting  of  the  Royal  Society,  on  the  25th  of 
July,  I  had  already  the  honour  to  communicate  in  broad 
outlines  those  views  by  means  of  which  I  derived  from  my 
researches  "  on  the  Law  of  Rotation  of  the  Sun  and  the  large 
Planets  "t^  ^w  hypothesis  ou  the  physical  cause  of  the  earth's 
magnetism,  and  on  its  relation  to  the  phenomena  we  observe  on 
the  sun's  surface.  It  was  then  my  intention  not  to  publish  my 
arguments  before  having  developed  them  in  such  a  manner,  phy- 
sically and  mathematically,  that  I  might  deduce  from  them 
certain  quantitative  consequences  which  may  be  subjected  to  di- 
rect proof  by  observation.  I  was  led  by  the  theoretical  deduc- 
tion of  the  law  of  the  sun's  rotation  to  some  formulae  which 
agree  even  better  with  the  observed  angle  of  rotation  for  different 
heliographic  latitudes  than  the  empirical  formulaj  which  have 
been  hitherto  constructed,  and  I  was  therefore  encouraged  to 
subject  my  theory  of  the  earth's  magnetism  to  a  similar  exa- 
mination. 

I  was,  however,  prevented  till  now  by  work  of  different  kind 
from  executing  my  plan  ;  but  as  in  the  mean  time  some  very  in- 
teresting papers  have  appeared,  the  results  of  which  are,  I  think, 
closely  related  to  my  theory,  I  have  decided  to  publish  its  prin- 
ciples already  in  the  following.  I  intend  to  examine  it  afterwards 
more  closely  in  the  manner  mentioned  above  if  this  should  not 
have  been  done  in  the  mean  time  by  others,  which  I  can  only 
desire  in  the  interest  of  the  subject  and  as  a  support  of  my  theory. 


I  have  tried  in  the  above-mentioned  paper  to  show  that,  ge- 

*  Translated  by  Arthur  Schuster,  from  a  separate  imjiression,  commu- 
nicated by  the  Author,  from  the  Proceedings  of  the  Royal  Saxon  Society 
of  Sciences,  Oct.  20,  1871. 

t  Proceedings  of  the  Royal  Saxon  Society  of  Sciences,  Feb.  11,  1871. 
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uerally  speaking,  only  four  properties  of  the  sun  are  necessary 
and  sufficient  to  account  for  all  essential  phenomena  hitherto 
observed  on  the  sun.     These  properties  are  the  following  : — 

1.  Intense  radiation  of  heat  from  the  sun, 

2.  Its  rotation. 

8.  The  existence  of  an  atmosphere. 

4.  The  liquid  condition  of  the  solar  surface. 

The  first  three  of  these  properties  are  to  be  regarded  as  facts 
proved  by  observation ;  and  I  deduced  the  fourth  as  a  necessary 
consequence  of  the  eruptive  character  of  a  great  many  protu- 
berances*. 

Respighi,  who  has  carefully  observed  numerous  protuber- 
ances, has  been  led  to  consequences  which  agree  perfectly  well 
with  the  views  which,  as  he  expressly  remarks,  have  been  hitherto 
maintained  by  myself  alone f,  as  regards  the  liquid  condition  of 
the  sun's  surface  as  well  as  the  nature  of  the  sun-spots  J. 

*  See  Proceedings  of  the  Royal  Saxoa  Society  of  Scieuces,  June  2n(], 
1870,  In  my  paper  then  communicated,  "  On  the  Temperature  and  Phy- 
sical Condition  of  the  Sun's  Surface,"  I  made  the  following  remarks  : — 

"  Without  stepping  heyoud  the  range  of  known  analogies,  and  therefore  of 
conditions  explanatory  of  cosmical  phenomena,  it  is  scarcely  possible  to  find 
a  cause  for  these  eruptive  protuherances  other  than  that  of  a  ditference  of 
pressure  between  the  gases  in  the  interior  and  those  on  the  surface  of  the 
sun.  The  possibility  of  such  a  difference  of  pressure,  however,  necessitates 
the  existence  of  a  zone  of  separation  between  the  interior  and  exterior 
masses  of  hydrogen,  the  latter  of  which  have  been  shown  to  form  au  essen- 
tial ])art  of  the  solar  atmosphere. 

t  M.  Emile  Gautier,  also,  uj)  to  the  year  18G!),  considered  the  sun-spots 
to  be  solid  slag-like  masses.  But  in  a  pajier  published  in  the  Archives  de 
Geneve  (August  1869)  he  abandons  this  view  in  favour  of  a  more  nebulous 
nature  of  the  sun-spots,  influenced  by  the  o})inion  of  Secchi  and  Taye,  A 
discussion  of  my  law  of  the  sun's  rotation  by  E.  Gautier,  which  I  receive 
whilst  this  paper  is  being  printed,  closes,  however,  with  the  following 
words : — 

"  Notre  observation  nc  portc  du  restc,  que  sur  un  detail  pcu  cssentiel  u 
la  theorie  de  M.  Zollner.  Cellc-ci  n'en  reste  ))as  moins  la  seule  jusqu'a  ce 
jour,  qui  s'assimile  d'unc  manierc  aussi  com])lete  aux  circonstances  conuues 
dela  ])hysique  solaire,  sans  etrc  obligee  de  recourir  ii  des  suppositious  tout 
a  fait  en  dehors  des  notions  generales  admises  dans  la  physique  terrestre." 

X  llespighi,  "  SuUe  Osservazioni  spcttroscopiche  del  bordo  e  delle  protu- 
beranze  solari"  etc.,  Atti  della  Ecale  Accademia  dei  Lincei  uella  sessioue 
I.,  del  4  dccembre,  1870. 

The  following  ])assages  confirm  what  I  said  above  : — 

"  La  straordinaria  violenza  o  velocita  di  tali  eruzioni  ci  prova  che  questi  gas 
debbono  trovarsi  ad  uuo  stato  di  enorme  tensione,  c  che  pcrcio  essi  dcbbouo 
trovarsi  ivi  iniprigionati  o  com})ressi  dalla  rcsistenza,  o  dal  peso  di  uuo 
strato  od  invilnppo  osteriore  di  couvonionte  sjiessezza  e  densita 

"  Nonresta  (piindi  die  la  suppo^sizione  di  uno  strato  o  iuviluppo  liquido, 
col  quale  potrebliero  couciliarsi  tutte  (picstc  particolarita."  (P.  il.) 

"  Quantuncpie  io  pre\  egga  che  queste  conelusioui  incontreranno  forti  cd 
antorevoli  o])posizinni,  ])urc  ho  stimato  oiiportuno  di  rifenrle,  perche  mi  si 
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From  tbe  first  two  of  the  given  properties  of  the  sua  follows, 
as  I  have  shown  elsewhere,  the  development  of  the  general  cir- 
culation of  its  atmosphere,  in  consequence  of  which  the  heated 
masses  of  gas  rise  at  the  equator  and  hence  generate  in  the 
lower  parts  of  the  atmosphere  polar  currents,  in  the  upper  parts 
equatorial  currents,  which  generally  flow  without  disturbing 
each  other*.  These  currents  exert  a  double  reaction  on  the 
glowing  liquid  surface,  viz.,  1st,  a  thermal  one,  and,  secondly, 
a  mechanical  one.  In  consequence  of  the  first  of  these  reac- 
tions, the  poles  are  cooled  down  by  the  contact  of  the  descend- 
ing and  relatively  cooler  equatorial  currents ;  in  consequence  of 
the  latter,  currents  are  produced  in  the  liquid  surface  by  friction, 
which  change  the  normal  rotation  of  the  globe  into  one  which 
corresponds  to  the  developed  law  of  rotation.  By  a  closer  exa- 
mination of  the  relative  velocities  of  layers  lying  above  each 
other,  we  come,  as  I  have  shown  elsewhere  (/.  c.  p.  76),  to  the  re- 
markable result  that  within  the  liquid  layer  affected  by  the  at- 
mospheric currents  the  velocity  of  rotation  increases  ivith  increas- 
ing depth,  so  that  the  layers  lying  deeper  are  in  advance  of  those 
lying  above  them. 

Hence  the  currents  in  the  glowing  liquid  surface  of  the  sun 
are  directed  from  east  to  west  relatively  to  the  inner  nucleus, 
which  rotates  like  a  solid  globe;  and  the  law  of  rotation  is 
only  a  consequence  of  the  retardation  which  the  upper  layers  of 
the  rotating  globe  suffer  by  friction  against  the  polar  currents. 

It  follows,  therefore,  that  to  the  law  according  to  which 
liquid  layers  of  the  sun^s  surface  lying  on  the  side  of  each  other 
have  greater  rotation-angles  near  the  equator  than  in  higher 
latitudes,  corresponds  a  similar  law  for  layers  lying  above  each 
other. 

In  fact  the  equatorial  parts  of  the  liquid  solar  surface  are  to 
the  polar  regions  as  the  middle  of  a  river  is  to  the  part  which  is 
near  the  borders.     Also  in  the  vertical  direction  a  similar  differ- 


presentano  come  assai  concordanti  coi  fenomeni  delle  protuberanze,  e  percio 
sotto  questo  rispetto  meritevoli  di  qualche  considerazione  :  e  perche  iu 
parte  almeno  si  accordano  colle  idee  emesse  da  autorevoli  scienziati,  e  prin- 
cipalmeute  dallo  ZoUucr."    (P.  44.) 

*  I  am  glad  that  the  existence  of  these  currents  has  now  been  proved 
by  the  observations  of  the  position  and  inchnation  of  protuberances.  Iu 
their  under  part  these  eruptions  are  directed  to  lower  latitudes,  in  the 
u])])er  parts  towards  the  poles.  This  is  proved  by  numerous  observations 
of  Tacchini  in  Palermo.  Professor  Sporer,  according  to  a  private  com- 
munication, has  observed  the  same  phenomenon ;  and  he  also  considers  it 
a  proof  of  the  currents  which  I  had  deduced  theoretically.  Dr.  Vogel,  of 
the  observatory  of  Chambcrlui^  von  Biilow,  and  Secchi  confirm  the  same 
thing. 
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(•nee  in  the  velocity  of  thn  laj'^ers  is  observed,  but  in  the  inverse 
direction  of  that  on  the  sun's  surface. 

3. 

Wc  have  seen  that  the  two  causes,  which  alone  are  sufficient 
to  produce  the  phenomena  of  motion  observed  on  the  sun's  sur- 
face, are  a  continuous  flow  of  heat  into  space  (that  is,  a  perma^ 
uent  loss  of  heat  of  the  surface)  and  the  rotation  of  the  globe. 
The  sun  in  its  present  condition  loses  its  heat  directly  by  radia- 
tion of  the  glowing  liquid  mass.  In  a  later  state,  however, 
when  the  whole  surface  will  be  covered  by  a  solid  crust,  the  loss 
of  heat  of  the  liquid  mass  will  take  place  by  conduction.  The 
inner  parts  will  give  up  their  heat  to  the  cooler  crust,  which  in 
its  turn  loses  it  again  by  radiation.  Hence  it  is  to  be  seen  that 
immediately  under  the  solid  crust  the  essential  conditions  re- 
quired for  the  circulation  are  preserved.  The  liquid  masses 
cooled  down  by  contact  and  conduction  will  sink  down  as  before 
at  the  poles,  giving  rise  to  a  polar  undercurrent  which  is  ac- 
companied by  an  equatorial  upper-current.  This  equatorial  cur- 
rent will  touch  continually  the  solid  crust,  and  suffer  a  westerly 
deflection  analogous  to  that  of  the  upper  trade-winds.  For  the 
inhabitants  of  such  a  globe  the  direction  of  the  curents  in  the 
liquid  nucleus  below  their  feet  will  result  from  an  equatorial 
com])oncnt  and  a  component  in  the  direction  of  rotation.  If, 
for  instance,  our  earth  were  a  globe  of  such  properties,  these  cur- 
rents would  have  a  south-westerly  direction  in  the  northern  he- 
misphere, whilst  they  would  have  on  the  southern  hemisphere  a 
north-westerly  direction. 

4. 

We  must  now  inquire  whether  the  motion  in  the  liquid  nu- 
cleus could  make  itself  perceptible  in  any  way  on  the  surface. 
As  long  as  the  crust  is  sufficiently  thin  to  be  affected  by  the 
changes  necessarily  accompanying  such  a  motion  (as  the  ice  co- 
vering a  river  is  affected  by  the  water  flowing  underneath),  such 
mechanical  influences  could  be  observed  and  measured  by  instru- 
ments comparing  the  direction  of  gravity  with  that  of  a  solid 
body  rigidly  connected  with  the  crust. 

15ut  as  the  thickness,  and  hence  also  the  relative  rigidity  of 
the  crust,  increases  in  such  a  manner  that  these  mechanical  in- 
fluences could  no  longer  be  observed,  except  perhaps  by  very 
delicate  instruments  indeed,  changes  extending  over  a  longer 
])criod  and  affecting  the  intensity  of  the  whole  streaming  mass 
could  still  make  themselves  perceptible  by  thermic  changes  in 
the  solid  crust.  For  what(;vcr  may  cause  such  an  increase  or 
decrease  in  the  intensity  of  the  whole  streaming  process  in  the 
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inner  parts  of  a  heavenly  body,  according  to  the  principles  of 
the  conservation  of  energy,  this  change  in  the  vis  viva  of  the 
currents  must  be  accompanied  by  an  equivalent  change  in  the 
mean  temperature  of  the  system.  We  can  therefore  generally 
say  : — Changes  in  the  mean  intensity  of  the  streaming  process  are 
accompanied  by  changes  in  the  mean  temperature  of  the  streaming 
masses,  and  the  masses  connected  with  them.  An  increase  in  the 
vis  viva  of  the  current  implies  a  dea'ease  in  the  temperature,  and 
vice  versa.  These  changes  must  necessarily  take  place  simultane- 
ously (at  least  only  retarded  by  the  conduction  of  the  solid  crust), 
as  the  first  phenomenon  is  only  another  expression  of  the  second  one. 
There  is  still  a  third  way  by  which  we  could  show  the  exist- 
ence of  these  currents — if  they  were  to  cause  disturbances  in  the 
electrical  equilibrium.  If  the  direction  of  the  electrical  currents, 
which  are  perhaps  produced,  were  to  depend  merely  upon  the 
direction  of  the  streaming  masses,  magnetic  phenomena  would 
take  place  on  the  surface  which  would  be  connected  by  certain 
laws  with  the  general  character  of  the  motion,  and  hence  also 
with  the  circles  and  points  whose  situation  depends  on  the  rota- 
tion of  the  earth. 

5. 

If  we  ask  whether  by  the  known  laws  of  electricity  we  have 
the  right  to  assume  that  electrical  currents  are  produced  by 
currents  of  liquids,  we  must  answer  in  the  affirmative.  We 
shall  see  that  we  may  positively  assert  that  wherever  a  streaming 
motion  of  conducting  and  chemically  decomposable  liquids  takes  place, 
electrical  currents  are  produced  which  are  connected  by  certain 
laws  ivith  these  streams.  The  observed  facts  by  which,  I  think, 
this  assumption  is  not  only  justified,  but,  according  to  the  laws 
of  logical  induction,  necessary,  are  the  electrical  currents  and 
their  reciprocal  phenomena  discovered  by  Quincke  in  the  year 
1859,  and  called  by  him  "diaphragmic  currents  "^. 

The  fundamental  fact  which  forms  the  starting-point  for 
Quincke's  researches  is  expressed  by  him  in  the  following- 
words  : — 

"  If  pure  water  flows  through  a  porous  body,  an  electrical 
current  is  produced.  1  found  and  confirmed  this  fact  by  the 
following  experiments." 

The  direction  of  these  electric  currents  depends,  with  all 
liquids  which  have  been  hitherto  examined,  only  upon  the  direc- 
tion of  the  streaming  movement,  while  their  intensity  varies  a 
great  deal  with  qualitative  changes  of  the  liquid.  The  direc- 
tion of  the  positive  current  is  always  the  same  as  that  of  the 

*  G.  Quincke '-'On- a  New  Class  of  Electric  Currents,"  PoggeudorfF's 
Aimulen,  vol.  cvii.  pp.  1-47,  and  vol.  ex.  pp.  38-6y. 
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flowing  liquid,  so  that  the  platinum  plates  which  are  immersed 
in  the  liquid  for  the  observation  of  the  current  act  in  such  a 
manner  that  the  ])late  first  touched  corresponds  to  the  zinc  end, 
the  plate  which  is  last  touched  to  the  -])latiuum  end  of  a  Grove's 
batter}'.  The  electromotive  force  of  these  currents  is  veiy  large. 
Using,  for  instance,  a  diaphragm  of  common  quartz-sand,  the 
electromotive  force  is  6'2  times  as  great  as  that  of  a  DanielFa 
cell ;  so  that  Quincke,  at  the  end  of  his  paper,  formed  the  idea 
of  making  such  a  source  of  electricity  practically  useful.  He 
remarks  as  follows  : — 

"  I  have  lastly  tried  to  make  use  of  the  water- works  of  this 
town  to  produce  an  electric  current,  as  the  large  electromotive 
force  made  me  hope  to  obtain  currents  of  practical  application." 

The  experiments  made  with  an  instrument  constructed  for 
this  purpose  under  a  pressure  of  about  2i  atmospheres  and  an 
hourly  use  of  5  cubic  feet  of  w'ater,  showed  only  wTak  electric 
currents.  Quincke  explains  this  result  partly  by  the  salt  con- 
tained in  the  w^ater,  and  partly  by  oxide  of  iron  present  in  the 
pipes. 

The  electromotive  forces  seem  to  be  (according  to  the  experi- 
ments hitherto  made)  independent  of  the  thickness  and  surface 
of  the  porous  walls,  but  proportional  to  the  difference  of  pressure 
causing  the  flow  of  the  liquid. 

The  origin  of  this  source  of  electricity  has,  until  now,  not 
been  reduced  to  the  known  disturbances  of  the  electrical  equi- 
librium. 

Even  not  considering  the  possible  connexions  of  this  kind  of 
current  with  the  follovring  phenomena,  it  is  of  the  highest  im- 
portance for  the  present  considerations  that  in  a  common  river 
these  electric  currents  can  be  shown  to  exist  if  the  two  plates  at 
the  ends  of  galvanometer-wires  are  inserted  one  in  the  more 
quickly  flowing  middle  of  the  river,  the  other  near  its  borders*. 

It  is,  as  already  stated,  quite  immaterial  what  we  assume  to 
be  the  cause  of  these  electric  currents ;  it  is  sufficient  for  us  that 
we  can  show  their  existence  directly  by  observation.  It  is  clear 
that  those  currents  will  still  be  generated  if,  nistead  of  the  metal 
])lates  of  the  above  experiments,  two  rocks  projecting  into  the 
current  are  in  conducting  communication  by  means  of  the  earth. 

*  Ailic  (Phil.  Mag.  vol.  xxxi.  p.  353,  1817)-  "Two  slips  of  zinc  cut 
Bulc  by  side  from  the  siime  sheet  were  placed  in  a  running  brook,  the  one 
opposed  to  a  rajjid  ])art  of  the  current,  the  other  in  a  still  j)lace  at  the  edge. 
Connecting  these  in  usual  manner  with  the  galvanometer,  there  was  a  per- 
manent deHection  of  2.')  ;  and  on  changing  the  respective  places  of  the  jdatcs 
in  the  stream  without  distiubing  their  attachments  to  the  galvanometer, 
the  needles  immediately  passed  to  the  opjiosite  side  of  the  card  :  in  lioth 
cases  the  ])iece  of  zinc  in  the  current  acted  as  a  negative  or  jilatinodc  jdatc. 
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G. 

If  by  the  above  researches  of  Quincke  the  production  of  an 
electric  current  by  the  mechanical  displacement  of  liquid  par- 
ticles has  been  proved,  the  reverse  experiments,  showing  the 
generation  of  a  streaming  movement  of  a  liquid  by  making 
an  electrical  current  to  pass  through  it,  have  long  been  known 
under  the  name  of  ''  electrical  endosmose." 

The  experiments  made  for  this  purpose,  however,  only  showed 
positive  results  if  a  porous  wall  retarded  the  movements  of  the 
liquids.  Using  tubes  filled  with  liquid  and  passing  an  electrical 
current  through  them,  no  movement  of  the  liquid  could  be  shown, 
although  Wiedemann  in  his  researches  on  this  subject  only  con- 
sidered the  porous  wall  to  be  a  system  of  narrow  tubes,  and  as- 
cribed the  negative  results  to  the  small  quantity  of  electricity 
passing  through  the  liquid. 

Armstrong*,  the  inventor  of  the  steam  electrical  machine,  was 
the  first  to  observe  the  formation  of  a  continuous  current  of  water 
produced  by  an  electrical  current  without  a  porous  diaphragm. 
He  joined  tvro  well-pointed  glasses  filled  with  \vater,  and 
standing  at  a  distance  of  0"4  inch  from  each  other,  by  a  damp 
thread  of  silk :  connecting  one  of  the  glasses  with  the  boiler, 
which  was  negatively  electrified,  and  the  other  with  the  earth, 
the  water  flowed  in  the  form  of  a  column  in  the  direction  of  the 
positive  current.  Soon  the  silk  thread  was  pulled  into  the  glass 
which  was  joined  to  the  earth,  and  hence  moved  in  the  opposite 
direction  to  the  column  of  water.  Then  the  water  remained  a  few 
seconds,  sometimes  even  a  few  minutes,  in  the  form  of  an  arc 
between  the  two  glasses.  During  this  time  no  change  of  volume 
of  the  liquids  in  either  of  the  two  glasses  could  be  observed. 
Y>'hen  particles  of  dust  were  thrown  over  the  surface  of  the 
water,  they  indicated  a  double  current — an  exterior  current  di- 
rected from  the  positive  to  the  negative  glass,  and  an  interior 
current  in  the  opposite  direction, 

A  short  time  ago  Quincke  f  not  only  confirmed  this  fact 
by  careful  experiments  modified  in  many  ways,  but  he  also 
reproduced  it  by  leading  a  strong  current  of  voltaic  electricity 
through  capillary  tubes.  Quincke  proved,  by  finely  divided  sub- 
stances suspended  in  the  moving  liquids,  quite  generally  the 
existence  of  a  double  current. 

He  introduced  grains  of  starch  into  the  liquid  of  a  capillary 
tube  of  about  O'i  millim.  diameter.  When  the  liquid  had 
entirely  filled  the  tube,  an  electrical  current  was  led  through 

*  Phil.  Ma^.  vol.  xxiii.  p.  19.9  (1843).     Pogg.  Ann.'xol  Ix.  p.  355. 
t  Pogg.  Ann.  vol.  cxiii.  p.  513  (1861), 
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the  water  by  connecting  the  platinum  wires  melted  into  the  tube 
with  the  conductor  and  cushions  of  the  electrical  machine. 

In  turning  slowly  the  disk  of  the  electrical  machine,  a  move- 
ment of  the  particles  of  starch,  in  the  direction  of  the  positive 
current,  was  observed  near  the  walls  of  the  tube;  in  the  middle 
of  the  liquid  the  movement  was  in  the  opposite  direction.  It  was 
observed  by  a  microscope  magnifying  thirty  times.  If  the  in- 
tensity of  the  current  is  increased,  the  particles  in  the  middle 
of  the  tube  move  more  quickly,  while  the  larger  particles  near 
the  walls  change  their  direction  and  move  now  with  the  negative 
current.  Increasing  still  more  the  intensity  of  the  current,  all 
the  particles  move  in  the  direction  of  the  negative  current*. 

Constant  galvanic  currents  and  induction-currents  which  (by 
interrupting  the  communication  by  a  column  of  air)  are  always 
directed  in  the  same  sense,  act  similarly ;  the  particles  of  starch 
first  proceed  a  little  in  the  direction  of  the  positive  current,  turn 
suddenly  round  and  flow  quickly  in  the  opposite  direction. 

Using  wider  tubes,  a  stronger  current  is  necessary  to  produce 
the  motion  of  all  the  particles  of  starch  in  the  same  direction ; 
with  the  narrow  tubes  very  weak  currents  are  sufficient. 

These  facts,  which  are  described  in  detail  in  Wiedemann's 
'  Treatise  of  Galvanism  and  Electro-magnetism,'  are  sufficient  to 
justify  the  assumption  that  all  streaming  motion  in  liquids,  especi- 
ally if  they  are  partly  in  contact  withrigid  bodies, is  accompanied  by 
electrical  currents  which  are  developed,  as  far  as  we  can  see  by  the 
facts  known  at  present, chiefly  in  the  direction  of  the  flowing  liquids. 

7. 
Let  us  now  apply  these  facts  by  analogy  to  the  currents  in  the 
liquid  nucleus  of  the  earth  which  we  considered  above.  The  direc- 
tion of  the  upper  currents  in  the  northern  hemisphere  is  the  same 
as  that  of  the  trade-winds,  viz.  south-westerly.  Hence  the  di- 
rection of  the  electrical  current  produced  in  the  earth's  crust  is  a 
north-easterly.  We  must  look  on  the  inequalities  in  the  inner 
crust  of  the  earth,  which  are  continuously  touched  by  the  glow- 
ing liquid,  as  on  blocks  of  rock  wliich  on  the  bottom  of  the 
sea  or  of  mighty  rivers  are  always  influenced  in  one  direction 
by  the  flowing  water.  They  act  just  in  the  same  manner  as 
the  platinum  plates  do  in  the  experiments  of  Quincke.  The 
plate  touched  iirst  by  the  current  (the  westerly  projection)  cor- 
responds to  the  zinc,  the  plate  touched  last  (the  easterly  pro- 
jection) to  the  ])hitinum  of  a  Grove's  battery.  Hence  the  cur- 
rent in  the  wire  (or  in  the  earth's  crust)  has  an  opposite  di- 
rection {i.  e,  from  east  to  west). 

*  Pogg.  Ann.  vol.  cxiii.  p.  5(')9  (iSCil). 
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It  is  known  that  the  assumption  of  electrical  currents  so 
directed  accounts  for  the  most  general  appearances  presented  by 
the  earth's  magnetism  ;  at  the  same  time  its  origin  is  assumed 
to  be  by  this  theory  at  a  considerable  depth  below  our  feet — a 
circumstance  very  remarkable  with  reference  to  the  theory  of 
Gauss.  Lamont,  to  whom  we  are  so  much  indebted  for  the 
closer  examination  of  the  earth's  magnetism,  and  who  probably 
amongst  living  philosophers  has  the  most  competent  judgment 
on  this  subject,  makes  the  following  remarks  : — 

"  Gauss  (and  this  is  doubtless  the  most  remarkable  part  of  his 
theory)  has  directed  our  attention  to  a  circumstauce  which 
must  become  of  great  importance  for  future  researches ;  for 
under  certain  conditions  we  can  draw  from  it  conclusions  which 
will  allow  us  to  say  whether  the  seat  of  the  magnetic  force 
is  above  us  in  the  atmosphere  or  below  us  within  the  earth,  or 
on  its  surface.  If  we  a])ply  the  rules  flowing  from  this  to  the 
formulae  of  Gauss,  we  shall  find  that  the  seat  of  the  earth's  mag- 
netism, if  not  wholly,  at  any  rate  in  its  chief  part  is  situated  below 
the  surface  of  the  earth  "  *. 

It  follows  moreover,  from  the  assumptions  justified  above  for 
the  physical  cause  of  the  earth's  magnetism,  that  all  causes  and 
circumstances  modifying  the  direction  and  intensity  of  the  glow- 
ing liquid  streams  in  the  earth  must  necessarily  also  change  the 
direction  and  intensity  of  the  earth's  magnetism. 

Such  causes  are  not  only  possible ;  they  are  necessary.  In  fact, 
if  the  streams  alter  the  inner  side  of  the  earth's  crust  in  a  similar 
manner  as  the  currents  of  water  and  air  alter  the  side  we  in- 
habit, the  form  of  the  bed  in  which  the  glowing  masses  flow 
must  change,  and  hence  the  intensity  and  direction  of  the  cur- 
rents must  vary. 

I  believe  we  observe  these  continual  changes  in  the  so-called 
secular  variations  of  the  earth's  magnetism. 

About  the  attempts  to  explain  these  secular  variations.  Lament 
expresses  himself  as  follows  : — 

"  If  there  are  many  difficulties  in  reconciling  with  each  other 
the  different  peculiarities  mentioned,  so  as  to  form  a  theory  of 
the  earth's  magnetism,  this  becomes  quite  impossible  as  soon  as 
we  add  the  fact  proved  by  observation,  that  the  distribution  of 
the  magnetism  within  the  earth  changes  sensibly  from  year  to 
year,  and  not  by  starts,  but  by  a  continuous  movement." 

"In  order  to  explain  these  secular  variations,  some  have  said 
that  some  parts  in  the  earth's  liquid  nucleus  are  solidifying  and 
so  modify  the  distribution  of  the  magnetism ;  others  have  as- 
sumed the  existence  of  an  invisible  magnetic  planet  revolving  in 

*  Lamont,  Astionomy  and  Magnetism  of  the  Earth.  Stuttgart,  1851, 
p.  260. 
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seven  hundird  years  round  the  earth.  It  is  easily  seen  that 
nothing  is  gained  by  hypotheses  which  are  neither  supported  by 
analogy  nor  facts,  and  at  present  the  best  thing  is  to  confess 
that  we  cannot  make  any  acceptable  supposition  about  these 
mysterious  phenomena/' 

We  see  from  this  that  just  that  peculiarity  which  formed  the 
most  difficult  problem  for  all  explanations  hitherto  given  is 
almost  self  evident,  looking  at  it  from  the  point  of  view  of  the 
above  suppositions. 

If  the  general  direction  of  the  glowing  liquid  streams  agrees, 
as  already  said,  with  the  conditions  given  by  the  position  of  the 
magnetic  needle*;  certain  physical  consequences  may  be  drawn 
fi'om  my  theory  for  particular  conditions  by  which  the  streams 
or  their  beds  may  be  modified.  We  shall  consider  now  more 
closely  these  consequences. 

It  is  clear  that  the  configuration  and  nature  of  the  outer  sur- 
face of  the  earth  is  in  some  connexion  with  the  nature  of  its 
inner  surface,  although  perhaps  only  within  wide  limits. 

The  ice  which  covers  a  lake  or  the  sea  while  it  is  agitated  by 
manifold  movements  and  currents,  is  characterized  on  its  sur- 
face by  manifold  inequalities,  which  in  part  correspond  to  similar 
inequalities  on  the  inner  side ;  and  so  may  be  the  inner  sur- 
face of  the  earth's  crust.  Where  mighty  mountains  of  heavy 
stones  come  forth  on  the  upper  surface,  similar  projections  will 
probably  appear  on  the  inner  surface;  and  these  inequalities 
projecting  deeply  into  the  streams  must  have  an  influence  on 
them,  as  the  mountains  at  the  bottom  of  the  sea  have  an  in- 
fluence on  the  currents  of  the  sea,  or  the  mountains  on  the 
earth  on  the  currents  in  the  atmosphere. 


If  these  views  are  confirmed  by  nature,  and  if  the  solid 
crust  covering  our  planet  is  not  yet  thick  enough  to  cause 
these  influences  to  disappear,  we  shall  exjiect  that  the  situa- 
tion and  configuration  of  large  chains  of  mountains  influence 
tlie  direction  in  which  the  magnetic  needle  points,  as  they  in- 
fhience  the  direction  of  the  ])(:iuliilum. 

jjamont,  after  having  mentioned  the  subterranean  experiments 
of  lleieli  in  Freibergf  and  his  own  magnetic  observations  made 
on  high  mountains,  says,  with  regard  to  this  question  : — 

"On  this  occasion  1  may  remark  that  I  have  confirmed  by  my 

*  If  we  look  at  the  position  of  the  isoclinic  lines,  or  those  of  equal  liori- 
zontiil  intensity,  or  tlie  lines  of  e(|nal  total  niaj^netic  intensity,  all  of  them 
liave,  as  ref^anls  direction,  the  eharaetor  of  stronj^ly  diviated  equato- 
rial currents  in  the  sea  or  in  tiu'  atmosphere. 

f  lleieh  "On  Eleetneal  Currents  iu  Lodes,"  Po{rg.  Ann.  xlviii.  1S^9. 
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own  measureoicnts  the  curious  influence  of  the  Tyrolese  Alps  on 
the  direction  of  the  magnetic  needle,  an  influence  which  was 
first  found  by  Kreil.'^ 

It  may  therefore  be  of  interest  to  determine  accurately  the 
magnetic  constants  in  places  where  the  deviation  of  the  pen- 
dulum is  observed,  in  order  to  be  able  to  find  out  a  connexion 
between  these  phenomena.  But  such  influences  of  mountain- 
chains  may  possibly  be  explained  by  the  assumption  of  magnetic 
minerals  contained  in  them.  A  treatise  of  Menzzer  lately  pub- 
lished, "  On  the  Connexion  of  the  Configuration  of  the  Conti- 
nents with  the  Situation  of  the  Magnetic  Poles  of  the  Earth,"  is 
of  great  interest  for  this  question.  This  paper  will  be  found  in 
PoggcndorfF^s  Annalen,  supplementary  volume  v.  p.  592,  and  is 
dated  "  Halberstadt,  November  3,  1870."  The  number  of  the 
Annalen  was  published  in  the  beginning  of  August  1871,  and 
came  into  my  hands  on  the  5th  of  August. 

It  is  easily  understood  that  some  indications  given  therein,  as 
well  as  the  results  arrived  at,  must  be  of  the  greatest  interest  for 
my  theory,  which  I  had  already  stated  on  July  25.  In  fact,  we 
may  even  from  some  indefinite  hints  draw  the  conclusion  that 
Dr.  Menzzer  was  conducted  to  quite  similar  views  as  myself  on 
the  origin  of  the  earth's  magnetism. 

So,  for  instance,  at  once  in  the  beginning  of  the  researches  for 
the  foundation  of  the  mathematical  formulee  we  find  the  fol- 
lowing passage ; — 

"  We  may  deduce  from  the  earth's  rotation  that  the  positive 
currents  going  round  the  earth  from  east  to  west  are  really  the 
cause  of  its  magnetic  polarity  ;  and  we  may  even  find  the  origin 
of  these  currents.  But  it  is  not  at  present  my  intention  to  give 
this  deduction.  What  I  want  to  show  is  merely  how  we  can 
derive  from  these  currents  in  the  earth  the  situation  of  the  mag- 
netic poles. 

"  If  the  earth  were  covered  throughout  by  a  homogeneous  solid 
crust,  the  currents  connected  with  its  rotation  would  go  round 
the  earth  exactly  from  east  to  west*;  the  result  would  be  that 
the  magnetic  poles  would  coincide  exactly  with  the  geographical 
poles.  This  is  approximately  the  case  with  that  part  of  the 
earth's  crust  which  reaches  from  below  to  about  half  the  depth 
of  the  sea.  But  the  part  above  consists  of  land  and  sea;  and 
this  circumstance  modifies  the  electrical  currents  in  such  a  man- 
ner that  the  same  tendency  which  appears  in  the  rigid  part  of 
the  earth  as  the  currents  causes  in  the  liquid  part  a  real  back- 
ward movement  of  the  waters. 

*  This  fact  would  not  be  quite  true  according  to  the  above  cause  of  the 
currents ;  for  their  direction  could  only  result  from  an  easterly  and  polar 
component. 

2  A2 
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"  The  cause  that  the  magnetic  poles  of  the  earth  arc  sliiftcd 
relatively  to  the  geographical  poles,  lies  in  the  different  action  of 
this  backward  tendency  ;  and  if  the  statement  which  has  only 
been  made  as  an  assertion  is  true,  we  ought  to  be  able  to  cal- 
culate the  situation  of  the  magnetic  poles  from  the  configuration 
of  laud  and  water/' 

It  appears  to  me,  from  the  indefinite  expression  "this  back- 
ward tendency,"  that  the  author  was  not  acquainted  with  the 
relations  shown  above  to  exist  between  electrical  currents  and 
currents  of  liquids.  At  any  rate,  the  fact  remains  qualitatively 
correct ;  as  to  the  sufficiency  of  the  quantitative  data  for  the  ex- 
planation of  the  facts  in  question,  I  do  not  take  upon  myself  to 
judge. 

The  result  of  the  numerical  calculation  is  certainly  remarkable 
for  the  very  exact  coincidence  with  Hansteen's  observations  "^ 

At  the  end  of  his  paper  the  author  makes  the  supposition 
that,  by  a  gradual  rising  or  falling  of  the  continents,  a  change  in 
the  position  of  the  magnetic  poles,  and  hence  secular  variations 
of  the  magnetic  constants,  may  be  effected.  According  to  my 
theory,  the  distribution  of  heat  and  cold  in  the  earth's  crust,  if 
with  decided  differences,  ought  to  be  of  great  influence.  A  great 
lowering  of  temperature  on  the  surface  will  cause  a  more  rapid 
cooling  at  the  particular  spot  in  the  crust  and  thus  cause  in  the 
liquid  streams  a  tendency  to  descend.  To  such  a  tendency  the 
poles  of  cold  owed  at  an  early  phase  their  formation.  I  have 
•  shown  in  my  paper  on  the  Law  of  the  Sun's  Kotation  that  the 
distribution  of  heat  on  the  sun's  surface,  as  observed  by  Secchi, 
may  be  very  simply  deduced  from  the  thermic  reactions  which 
the  atmospheric  currents  exert  on  the  glowing  surface.  As  this 
distribution  of  temperature  is  always  such  that  by  itself  it  would 
produce  the  currents  by  which  it  is  generated,  any  irregulari- 
ties which  at  the  earliest  state  of  development  had  influenced 
these  currents  would  increase  with  increasing  lowering  of  tem- 
perature, and  so  fix  permanently  the  position  of  the  poles  of  cold. 
It  is  to  be  seen  from  this  that  generally  these  poles  will  not 
coincide  with  the  ])oles  of  rotation,  on  the  sun  as  well  as  on  the 
earth.  It  follows  that  in  these  points  the  descending  currents 
will  predominate,  and  ])oles  of  currents  will  be  formed  which 
must  coincide  with  the  n)agnetic  poles. 

It  is  therefore  evident  that,  also  looked  at  from  this  ])oint  of 
view,  permanent  differences  in  the  temperature  of  the  earth's 
surface  must,  if  great  enough,  have  an  influence  on  the  inner 
currents,  and  hence  also  on  the  earth's  magnetism. 

*  Iliuistcen  funis,  from  his  observations,  lonp;.  of  the  magnetic  pole 
east  of  Firro  2!><)  21 ',  lat.  (>U'  IW;  the  calculations  of  Mcnzzer  give  long. 
289'^  37'  28"-5,  lat.  G'J-  11'  53"-y. 
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Such  differences  may  very  well  be  caused  by  the  earth's  sur- 
face being  covered  with  or  bared  of  ice  and  water ;  and  in  this 
way  the  configuration  of  the  continents  may  have  a  certain  in- 
fluence on  the  earth's  magnetism*. 

9. 

The  facility  with  which  the  so-called  magnetic  disturbances 
and  their  connexion  with  volcanic  processes  are  explained  by  the 
aid  of  my  theory  is  of  much  greater  importance  than  all  the  facts 
given  above. 

In  fact^  every  sudden  change  in  the  velocity  of  the  streaming 
masses  must  cause  in  them  a  wave-like  disturbance  and  an  ana- 
logous disturbance  in  the  position  of  the  magnetic  needle;  it 
does  not  matter  whether  this  change  is  called  forth  bv  the  break- 
ing  away  and  falling  down  of  some  parts  of  the  earth's  crust  or 
by  a  volcanic  eruption^  or,  finally,  by  earthquakes  produced  by 
one  of  these  two  causes.  I  cite  agam  some  passages  frum  the 
above-mentioned  work  of  Lamont  which  refer  directly  to  the 
phenomena  we  are  now  discussing.  He  says,  speaking  of  the 
character  of  the  magnetic  disturbances  : — 

"  If  a  great  disturbance  takes  place,  there  is  produced,  as  re- 
gards declination,  only  an  oscillation  about  the  mean  direction ; 
the  mean  declination  of  the  disturbed  days  does  not  differ  from 
the  usual  means.  It  is  otherwise  with  the  remaining  mag- 
netic elements  :  every  large  disturbance  causes  a  decrease  in  the 
horizontal  intensity  and  an  increase  in  dip  ;  and  usually  several 
days  pass  before  the  mean  position  is  again  obtained.  Herewith 
the  often-noticed  fact  is  connected  that  a  disturbance  of  great 
amount  repeats  itself  the  following  days,  but  coming  always  at 
an  earlier  hour  than  before  and  with  decreasing  strength." 

Imagine  a  large  block  of  rock  torn  away  at  a  certain  hour  by 
the  glowing  streams  under  our  feet  and  disturbing  the  fluid 
mass  by  its  sudden  sinking  and  pendulum- like  rising  and  falling. 
The  propagation  of  such  an  undulatory  movement  and  its 
periodical  return  with  decreasing  strength  might  perhaps  be  the 
cause  of  the  above  phenomenon. 

The  characteristic  properties  of  all  large  disturbances  men- 
tioned above  (viz.  the  decrease  of  horizontal  intensity  and  increase 
of  dip)  are  also,  I  believe,  easily  explained  by  my  views. 

Imagine  the  surface  of  a  globe  covered  with  insulated  wires 
parallel  to  the  circles  of  latitude.  Let  an  electrical  current  be 
sent  separately  through  every  turn  of  the  wire  in  the  same  direc- 
tion. This  globe  will  then  represent  the  earth  as  it  is  surrounded 
by  electrical  currents ;  and  a  magnetic  needle  lixed  on  the  surface 

*  Lenz,  "  Researches  on  an  irrci^iilar  distribution  of  the  Earth's  Mag- 
netism in  the  northern  part  of  the  Gulf  of  Finland,"  Mem.  de  St.  Peters- 
bourg,  vol.  iii.  pp.  1-38. 
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of  the  globe  will  present  the  same  general  appearances  as  a  magnet 
on  the  surface  of  the  earth.  Suppose,  now,  that  in  one  of  the 
circular  wires  surrounding  the  globe  an  alteration  in  the  electric 
current  takes  place ;  the  needle  will  then  be  influenced  in  the 
same  way  in  which  that  particular  turn  of  the  wire  would  influence 
it  if  acting  by  itself  alone.  Suppose  the  turn  of  the  wire  in  ques- 
tion is  just  below  the  freely  suspended  needle  and  the  current  is 
increased.  We  see  at  once  that  the  horizontal  intensity  will  be  di- 
minished and  the  dip  increased.  The  direction  of  the  disturbance 
will  always  be  the  same^  if  those  currents  are  increased  which  are 
running  through  wires  whose  distance  from  the  equator  is  smaller 
than  that  of  the  needle  {i.  e.,  speaking  of  the  earth,  have  a  lower 
geographical  latitude).  A  disturbance  taking  place  in  higher 
latitudes  than  that  of  the  needle,  must  consist  in  a  decrease  of 
the  current  if  the  needle  be  deflected  in  the  same  direction  as 
before. 

If,  therefore,  the  above  rule  given  by  Lament,  as  a  consequence 
of  his  observations  in  the  temperate  zone,  is  on  the  average  to 
be  considered  correct,  we  may  conclude  from  the  developed 
theory  that,  if  the  cause  of  a  magnetic  disturbance  is  in  higher 
latitudes,  then  the  disturbance  must  consist  in  a  decrease  of  the 
intensity  of  the  subterranean  currents ;  if  the  cause  takes  place 
in  lower  latitudes,  it  must  consist  in  an  acceleration  of  these 
currents. 

10. 

The  probability  of  this  assumption  is  considerably  increased  if 
we  express  mathematically  the  relative  velocities  of  the  glowing 
streams  for  different  geographical  latitudes. 

As  we  have  only  to  consider  the  equatorial  upper  current  of 
the  liquid  mass,  which  by  the  rotation  of  the  earth  and  friction 
against  the  inner  surface  of  the  crust  is  deflected  analogous  to 
the  upper  trade-winds,  the  same  theoretical  considerations  may 
be  used,  mutatis  mutandis,  which  I  have  employed  for  the  deduc- 
tion of  the  law  of  the  sun's  rotation*.  The  conditions  of  the 
problem  agree  in  this  case  even  better  with  the  reality,  inasmuch 
as  we  have  here  to  do  with  a  solid  and  rigid  surface,  which  in- 
fluences by  friction  the  current  of  the  liquids. 

Designating  the  loss  of  velocity  which  a  liquid  particle  suffers 
moving  from  lat.  ^  to  kit.  <f>  +  8^  by  dv,  and  putting  this  loss 
proportional  to 

1.  The  difference  in   velocity  of  two  points  in  the  concave 

surface  of  the  sphere,  of  which  the  diflcrcncc  in  latitude 
is  (/0, 

2.  The  area  of  the  surface  of  friction  for  unity  of  mass, 

•  Pioccedinps  of  the  Hoviil  Saxon  Society  of  Sciences,  Feb.  11,  p.  54. 
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3.  The  coefficient  of  friction  a  between  the  liquid  and  the 
solid  crust, 
then  we  have,  as  in  the  above  work,  pp.  54  &  55,  for  the  loss  of 
velocity  dv  by  the  motion  of  a  liquid  particle  into  higher  latitudes, 

dv  =  Aav ^  sin  (})  cos  (})  d(}) ; (1) 

where  A  signifies  a  constant  determined  by  the  nature  of  the 
body,  and  i;,  the  linear  velocity  of  a  point  on  the  solid  crust  at 
the  equator. 

Hence   the   velocity  which  a  particle  loses  going  from   the 
equator  to  lat.  (b  is 

c^ . 

Aav^  1    sin  0  cos  ^  d(j). 

•-'0 

The  remaining  component  of  velocity  Vi  will  be 

if  we  assume  the  original  velocity  of  the  particle  at  the  equator 
to  have  been  equal  to  the  velocity  of  the  solid  crust. 

Now  the  velocity  of  a  particle  in  the  solid  crust  lat.  ^  will 
be 

Ve  =  V^COS^ (3) 


Putting 


Aa 


2 
and  subtracting  (3)  from  (2),  we  have 

Vi—Ve=v^\_l  —  {cos(f)+ps'm'^(f))'\     .     .     (4) 

This  expression  represents  the  law  according  to  which  the  differ- 
ence in  linear  velocity  of  the  inner  glowing  streams  (vi)  and  the 
solid  crust  (vg)  varies  with  the  latitude.  But  this  difference  is 
evidently  nothing  else  than  the  relative  velocity  of  the  glowing 
liquid  with  respect  to  the  earth's  crust. 

The  constant  p  will  always  have  a  mean  value  considerably 
less  than(l);  so  that  the  above  expression  will  gener ally  increase 
with  increasing  latitude  and  have  a  maximum  value  at  the  poles. 

As,  according  to  the  developed  theory,  the  magnetic  appear- 
ances on  the  surface  of  the  earth  are  only  effects  of  the  streaming 
movement  in  the  liquid  nucleus,  the  magnetic  phenomena  must 
increase  in  intensity  ivith  ina-easing  latitude.  It  follows  from  this 
that  the  peculiarities  of  magnetic  disturbances  characterized  as 
above  by  Lamont  must  be  much  more  intense  in  higher  latitudes, 
and  can  generally  only  consist  in  a  decrease  of  the  intensity  of 
the  current,  as  this  was  supposed  to  be  the  case  in  the  above 
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explanation  of  the  observed  decrease  in  horizontal  intensity  and 
increase  in  di]). 

The  increasing  strength  of  magnetic  disturbances  with  in- 
creasing latitude  is  mentioned  by  Lamont  in  the  following 
words  [l.  c.  J).  271)  : — "The  magnitude  of  the  movements  in- 
creases gradually  from  the  equator  towards  the  north  and  south 
pole;  in  the  equatorial  zone  only  slight  movements  are  observed." 

Another  remark  about  the  magnitude  of  the  movements  of  the 
magnetieneedlein  disturbances  is  tobefoundonthe  following  page. 

"I  have  seen  myself  changes  in  declination  of  10  minutes  of 
arc  taking  place  in  one  minute's  time.  In  our  neiglibour- 
hood  such  rapid  movements  are  extremely  rare ;  in  the  polar 
regions,  however,  it  is  frequently  the  case  that  the  movement  of 
the  instruments  cannot  any  more  be  accurately  measured.  Bra- 
vais  and  his  companions,  in  the  North-pole  Expedition,  1838-39, 
had  several  times  opportunity  to  convince  themselves  of  this 
fact.  Already  in  Petersburg  and  Sitka  very  rapid  movements 
are  not  rare." 

11. 

It  is  easily  seen  that  the  beginning  of  a  disturbance  must  be 
observed  simultaneously  in  all  stations  on  the  earth's  surface ; 
for  the  influence  of  the  earth  on  the  needle  is  the  rcsvdtant  of 
the  whole  magnetic  action  of  the  earth.  Every  change  in  any 
one  of  the  components  must  make  itself  perceptible  in  our  ob- 
servations as  a  change  in  the  resultant.  It  is  otherwise  with  the 
strength  and  nature  of  a  magnetic  disturbance  ;  for  its  intensity 
must  evidently  be  greatest  at  a  point  which  is  nearest  to  the 
seat  of  the  cause.  According  to  our  theory,  such  a  cause  would 
consist  in  the  tearing  away  or  settling  down  of  a  piece  of  rock, 
which  modifies  the  velocity  of  the  glowing  streams  at  the  parti- 
cular spot,  and  hence  also  the  magnetic  action  on  the  needle. 

If  we  call  to  our  minds  the  movements  which,  according  to 
the  laws  of  hydrodynamics  and  the  observations  taken  under 
analogous  conditions,  can  be  noticed  in  liquids,  it  is  easy  to  ac- 
count, from  our  point  of  view,  for  the  propagation  of  these  mo- 
tions. 

Suppose  a  piece  of  rock  breaks  off  from  the  solid  crust  of  the 
earth  just  below  our  feet.  It  would,  following  the  law  of  gravi- 
tation, sink  into  the  liquid,  and  then,  according  to  its  specific 
gravity,  either  rise  again  or  sink  down  into  deeper  parts  of  the 
liquid  inicleus,  where  under  the  influence  of  the  greater  heat  it 
wouUl  dissolve. 

\\\  both  cases  the  hydrostatic  equilil)rium  whicli  has  been  sud- 
denly disturbed  will  restore  itself  in  the  form  of  an  undulatory 
motion,  which,  starting  from  the  point  where  the  disturbance 
has  taken  })lace,  will  propagate  itself  in  all  directions  witii  a  ve- 
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locity  peculiar  to  the  liquid — similar  to  the  circular  waves  going 
out  on  a  quiet  surface  of  water  from  a  point  where  a  stone  has 
fallen  into  the  water. 

It  is  evident  that  the  velocity  of  propagation,  as  well  as  the 
form  of  the  waves,  will  be  essentially  moditied  if  the  liquid  is  not 
quiet,  but  flowing  with  a  uniform  velocity. 

In  a  direction  perpendicular  to  the  current  the  waves  will  pro- 
pagate themselves  with  the  velocity  peculiar  to  the  liquid ;  par- 
allel to  the  current  they  will  propagate  themselves  more  quickly 
in  the  direction  of  the  current  than  in  the  opposite  direction.  At 
the  same  time  the  form  of  the  waves  will  be  more  extended  and 
drawn  out  on  the  side  of  the  centre  of  the  waves  situated  in  the 
direction  of  motion.  The  height  of  the  waves  will  depend  upon 
the  borders  of  the  liquid ;  it  will  increase  where  the  liquid  is 
hemmed  in. 

Let  us  now  apply  these  simple  laws  of  hydrodynamics,  mutatis 
mutandis,  to  the  glowing  liquid  in  the  nucleus  of  our  earth. 
Other  modifications  of  the  wave,  generated  in  the  above  manner, 
will  appear  in  the  direction  of  the  circles  of  latitude  than  in  the 
meridian.  In  the  first  direction  the  wave  will  proceed  as  in  a 
circular  channel  on  both  sides  of  the  disturbed  spot,  and  cause 
at  a  point  about  180  degrees  distant  from  it  the  opposite  phase 
of  that  by  which  the  wave  was  originated.  In  the  present  case 
this  would  be  a  wave-mountain.  But  as  a  rising  of  the  liquid  ne- 
cessarily increases  the  pressure  against  the  solid  crust,  and  must 
hence  also  increase  the  friction  of  the  glowing  mass  flowing  east- 
ward, it  is  clear  that  an  oscillation  of  the  magnetic  constants 
will  take  place  parallel  to  the  direction  of  propagation. 

It  is  clear  moreover  that  the  direction  of  propagation  of  a 
liquid  wave  must  be  distinguished  from  the  direction  of  the  cur- 
rent as  regards  the  electromotive  action  produced  by  it.  The 
mechanical  process  on  which,  according  to  my  views,  the  origin 
of  the  electrical  current  depends,  consists  in  a  relative  dis- 
placement of  parallel  liquid  threads  taking  place  always  in  the 
same  direction.  By  the  researches  of  the  brothers  Weber  it  was 
directly  proved  that,  in  an  undulatory  motion  of  liquid  bodies, 
the  particles  are  moving  in  more  or  less  closed  paths  of  compa- 
ratively small  radii  of  curvature.  A  wave-mountain  of  the 
glowing  liquid,  produced  as  described,  cannot  but  cause  an  in- 
crease of  the  hydrostatic  pressure  in  whatever  direction  it  pro- 
pagates itself.  Hence  all  the  actions  caused  by  a  change  in  the 
velocity  of  motion  of  the  glowing  liquids  (as,  for  instance,  the 
magnetic  action)  can  only  be  increased  by  such  a  wave,  as  the 
hydrostatic  pressure  becomes  greater,  with  which,  according  to 
the  experiments  of  Quincke,  cited  above,  the  intensity  of  the 
diaphragmic  currents  varies  directly. 
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Lamont,  indeed,  draws  our  attention  to  the  fact  that  the 
causes  which  generate  a  daily  period  in  the  changes  of  the  mag- 
netic constants  are  as  a  rule  only  increased  by  the  disturbances, 
so  that  the  latter  may  be  considered  to  be  only  reinforcements 
of  the  causes  which  generate  the  daily  variations.  The  words  of 
Lamont  iipon  this  subject  are  (in  the  work  mentioned,  p.  271) 
the  following : — 

"  Every  hour  in  the  day  has  its  own  predominant  disturbances  ; 
and  in  general  they  are  only  reinforcements  of  the  daily  varia- 
tions. We  find,  for  instance,  that  if  the  declination  is  in  its 
westward  motion,  it  sustains  by  the  disturbing  force  an  impulse 
towards  the  west,  and  if  it  is  moving  eastward  it  receives  an  im- 
pulse towards  the  east.'^ 

The  following  remarks  of  Lamont  seem  to  me  to  be  equally 
correspondent  to  the  above  consequences  of  my  theory,  if  we 
remember  the  influence  of  the  time  of  the  day  : — 

"  If  we  compare  the  simultaneous  observations  made  in  Peters- 
burg, Katherinenburg,  Barnaul,  Nertschinsk,  Sitka,  Makerstoun, 
which  are  all  near  the  parallel  of  55°,  we  find  that  when- 
ever a  large  disturbance  takes  place  in  Petersburg,  as  often 
happens,  the  needle  in  Katherinenburg  turns  towards  the  same 
direction  but  describes  a  much  smaller  path ;  in  Barnaul  and 
Nertschinsk  the  movement  is  in  the  same  sense  but  almost  va- 
nishes. ]\lost  likely  further  to  the  east  it  disappears  entirely, 
and  reappears  in  Sitka  in  the  opposite  sense.  In  Makerstoun 
the  disturbance  takes  place  in  the  original  form,  but  less  intense 
than  in  Petersburg. 

"  Almost  all  the  more  important  disturbances  manifest  them- 
selves in  the  manner  described ;  and  I  think  it  highly  probable 
that  there  do  not  exist  more  than  one  source,  but  that  all  the 
disturbances  have  the  same  origin  and  the  same  course ;  they 
are,  however,  as  already  stated,  modified  by  the  time  of  day." 

In  a  still  more  characteristic  way  ihe  agreement  of  the  nature 
of  the  disturbances,  as  deduced  from  my  theory,  for  places  in  the 
same  latitude,  is  shown  by  the  following  words  of  Miiller* : — 

"  For  diff"erent  places  having  nearly  the  same  latitude  but  dif- 
ferent longitudes,  a  connexion  between  the  disturbances  is  found 
but  in  a  different  manner.  If  at  any  time  a  particularly  strong 
disturbance  take  place  at  a  certain  spot,  it  will  appear  towards 
east  and  west  in  the  same  direction  but  with  decreasing  strength; 
at  90°  to  the  east  and  90^  to  the  west  from  the  })lace  where  the 
disturbance  has  its  maximum  at  the  same  moment  only  very 
weak  oscillations,  if  any,  will  be  observed  ;  on  the  other  half  of 
the  parallel  the  simultaneous  deflections  have  another  direction, 

*  Kosmischc  Physik,  third  cditiou,  l^/^j  P-  7<J1. 
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reaching  an  easterly  maximum  at  180°  from  the  point  where  the 
westerly  maximum  appears/^ 

12. 

The  modificatious  of  a  magnetic  disturbance  in  the  direction 
of  the  meridian  are  explained  in  the  same  satisfactory  manner  in 
their  general  features  by  the  developed  theory,  as  are  the  modi- 
fications for  the  same  parallel. 

If  we  remember  that  as  the  wave  proceeds  towards  the  poles  it 
must  be  necessarily  hemmed  in  between  its  borders,  and  that  the 
velocity  of  the  current  becomes  larger  with  increasing  equatorial 
distance,  it  is  clear  that  through  the  first  circumstance  the  height 
of  the  wave  proceeding  towards  the  poles  must  increase,  as  the 
height  of  the  tidal  wave  is  increased  by  like  causes  on  the 
surface  of  the  earth.  By  the  second  circumstance  the  intensity 
of  the  disturbance  is  increased  as  well ;  so  that  a  disturbance 
beginning  in  our  latitudes  will  make  itself  more  perceptible 
towards  the  north,  and  less  perceptible  towards  the  south,  with- 
out changing  its  direction  in  the  same  hemisphere. 

If  a  wave  crosses  the  equator  and  propagates  itself  in  the 
southern  hemisphere,  it  is  evident  that  it  must  here  cause  the 
opposite  movement  of  the  needle.  For  as  such  a  wave  can  only 
increase  friction,  and  by  it  the  electrical  current,  the  direction 
of  which  is  determined  by  other  circumstances,  the  same  cause 
which  induces  the  north  end  of  the  needle  to  sink  in  the 
northern  hemisphere  will  in  the  southern  hemisphere  produce  a 
sinking  of  the  south  end. 

All  these  consequences  are  confirmed  by  observation.  La- 
ment, comparing  the  graphical  representations  of  observations 
made  simultaneously  in  the  same  meridian,  remarks,  on  a  dis- 
turbance beginning  on  August  28,  1841,  at  1  o'clock  in  the 
morning  (p.  273) : — 

"  If  we  go  from  the  equator  towards  the  north  or  south,  the 
movements  are  continually  increasing  in  size ;  the  form  remains 
in  essentials  the  same. 

"  The  southern  and  northern  stations  seem  at  first  sight  not 
to  agree ;  but  there  is  a  perfect  harmony  if  we  observe  that  in 
the  south  the  movements  are  in  an  opposite  direction. 

"  It  is  to  be  noticed  that  the  further  we  remove  from  the 
equator  the  more  discrepancies  in  form  appear.  In  this  obser- 
vation no  stations  situated  far  to  the  north  or  to  the  south  have 
taken  part,  and  we  do  not  know  what  form  the  disturbance  has 
taken  towards  the  poles ;  however,  it  is  known  from  other  obser- 
vations that  in  the  polar  regions  the  disturbances  reach  an  ex- 
traordinary magnitude,  and  change  entirely  their  form.'^ 

"  As  regards  the  magnitude  of  the  disturbances,  I  have  de- 
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duced  a  remarkable  law  from  the  observations.  There  is  for 
Europe  a  certain  scale  of  disturbances,  according  to  which,  if  in 
Milan  a  movement  of  10'  takes  place,  the  corresponding  move- 
ment in  Munich  amounts  to  11',  in  Krakau  12',  in  Breda 
16',  in  Gcittingcn  18',  in  Copenhagen  22',  &c.  According  to 
Bravais,  the  number  of  the  scale  for  Bosskop  would  be  55';  but 
here  the  form  is  already  changed  so  as  almost  to  be  no  longer 
distinguishable/' 

The  difference  between  the  two  hemispheres  which  we  have 
deduced  theoretically  is,  of  course,  independent  of  the  cause 
which  produces  the  increase  or  decrease  in  the  magnetic  action, 
whether  this  cause  is  an  inner  one  as  in  the  disturbances,  or  an 
outer  one,  as  this  is  the  case  with  the  influences  the  sun  exerts 
upon  the  earth.  In  accordance  with  this,  Lamont  says  with  re- 
ference to  the  daily  periods  : — 

"  In  the  southern  hemisphere  the  succession  of  the  magnetic 
changes  during  the  twenty-four  hours'  period  is  exactly  the  same, 
but  the  movement  is  throughout  in  the  opposite  direction  ;  where 
a  westerly  movement,  or  an  increase,  takes  place  in  the  north,  an 
easterly  movement,  or  a  decrease,  is  found  in  the  south.  The 
movement  is  smallest  to  the  south  of  the  equator  when  it  is 
greatest  to  the  north,  because  the  winter  of  the  southern  hemi- 
sphere corresponds  to  our  summer."    [L.  c.  p.  268.) 

Finally,  the  following  words  of  Lamont  will  support  materially 
the  views  which  I  have  explained  regarding  the  connexion  be- 
tween the  magnetic  phenomena  on  the  earth  and  the  undulatory 
movement  of  a  subterranean  liquid  mass  : — 

"  However  important  the  magnetic  disturbances  are  for  the 
theory,  they  would  hardly  have  retained  our  attention  so  long,  if 
they  had  not  something  peculiar,  I  might  say  something  magical, 
inasmuch  as  they  are  called  forth  by  invisible  forces,  not  a 
trace  of  which  is  found  to  exist  in  the  other  phenomena  presented 
by  nature." 

"  It  is  even  impossible  to  follow  and  take  down  by  obser- 
vation all  the  small  deviations,  especially  the  wave-like  aj)pcar- 
ance  wliich  manifests  itself  in  all  magnetic  changes." 

"A  uniform  increase  or  decrease  of  the  magnetic  elements 
never  appears;  but  the  change  takes  place  by  starts,  so  that  after 
every  start  a  little  retrograde  movement  is  observed.  We  are  at 
once  reminded  of  the  tlux  and  reflux,  where  each  subsequent 
wave  goes  a  little  further  than  the  former  did,  and  between  the 
two  waves  a  backward  movement  of  the  water  takes  ])lace.  The 
magnetic  waves  are  besides  as  little  like  each  otiicr  as  the  waves 
of  tlie  sea;  probably  they  will  also  be  different  according  to  the 
geographical  j)Osition.  The  passage  of  a  magnetic  wave  in  our 
country  lasts  about  fifteen  seconds.     This  remarkable  peculiarity 
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of  the  magnetic  force  was  noticed  by  me  in  the  year  1841,  when 
I  had  put  up  magnetical  instruments  of  new  construction  and 
with  very  light  needles  which  were  enclosed  air-tight ;  with  the 
heavy  bars  formerly  in  use  movements  of  such  small  durations 
could  not  be  observed. 

[To  be  continued.] 


XLV.   On  a  Bicyclic  Chuck.     By  A.  Cayley,  F.R.S.^ 

THE  apparatus,  although  I  have  called  it  a  chuck,  is  con- 
structed, not  for  turning,  but  for  drawing;  viz.  it  rotates 
horizontally  on  a  table  (being  moved,  not  from  the  inside  by  the 
axle  of  the  lathe,  but  from  the  outside  by  a  handle-frame),  carry- 
ing a  drawing-board  which  works  under  a  fixed  pencil  supported 
by  a  bridge.  Two  points  of  the  drawing-board  describe  circles ; 
and  the  curve  traced  out  on  the  drawing-board  is  consequently 
that  described  by  a  fixed  point  upon  a  moving  plane  two  points 
of  which  describe  circles ;  or,  Avhat  is  really  the  same  thing,  it  is 
the  curve  described  on  a  fixed  plane  by  a  point  rigidly  connected 
with  two  points  each  of  which  describes  a  circle.  Tne  apparatus 
is  at  once  convertible  into  an  oval  chuck  of  nearly  the  ordinary 
construction  ;  viz,  it  may  be  arranged  so  that  the  curve  described 
on  the  drawing-board  shall  be  an  ellipse. 

Bottom  plane  is  a  rectangular  board  (1)  (see  figure)  about 
30  inches  by  24  inches,  having  in  the  middle  a  sliding-piece  (2) 
carrying  a  block  (3) . 

Second  plane  contains  two  circular  segments  (4)  fixed  to 
the  bottom  plane,  serving  as  an  axle  for  the  moving  piece  (5) 
next  referred  to,  and  allowing  the  block  (3)  to  move  between  them. 
And  in  the  same  plane  we  have  a  moving  piece  (5)  in  the  form 
of  a  rectangle  with  a  circle  cut  out  thereof,  rotating  about  the 
segments  (4),  and  having  upon  it  a  groove  in  which  works  a 
sliding-piece  (6)  carrying  a  block  (7) ;  there  is  in  this  block  a 
circular  hole,  D.  The  second  plane  includes  also  two  sides  (8) 
of  a  handle-frame,  which  two  sides  slide  along  two  of  the  sides 
of  the  piece  (5) . 

Third  plane  consists  of  a  rectangular  piece  (9)  rotating  about 
an  axle  fixed  to  the  block  (3),  and  having  a  sliding-piece  (10) 
in  which  is  a  circular  hole,  C.  The  third  plane  includes  also  the 
before-mentioned  block  (7),  having  upon  it  the  hole  D;  and  it 
includes  also  the  remaining  two  sides  (11)  of  the  handle-frame, 
and,  let  into  the  same  so  as  to  be  flush  therewith  on  the  upper 
surface,  two  slips  (12)  completing,  in  this  plane,  the  handle- 
frame. 

We  have  thus  on  a  level  the  sides  (11),  (12)  of  the  handle- 
frame  and  the  holes  C,  D,  where  C  rotates  about  the  point  B, 

*  Communicated  by  tbe  Author. 
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which  is  the  centre  of  the  block  (3)  ;  and  J)  rotates  about  the 
point  A,  which  is  the  centre  of  the  segments  (4),  each  hole  being 
capable  of  describing  a  complete  circle ;  and  the  distances  A  B, 
B  C,  CD,  and  DA  are  (within  limits)  adjustable  to  any  given 
values :  the  distance  of  the  holes  C,  D  is  made  equal  to  that  of 
the  two  pegs  next  referred  to. 

Connected  herewith  by  means  of  cylindrical  pegs  working  in 
the  holes  C,  D  respectively,  we  have  a  carrying-frame  ;  viz.  the 
fourth  plane  contains  two  sides  (13)  of  this  carrying-frame, 
and  two  moveable  bars  (14),  attached  to  the  remaining  two  sides 
(15)  of  the  carrying-frame,  and  having  on  their  lower  surfaces 
the  pegs  which  work  in  the  holes  C  and  D  respectively — each 
bar  being  free  to  rotate  about  one  extremity,  and  being  clamp- 
able  at  the  other  extremity  so  as  to  allow  the  two  pegs  to  be  ad- 
justed at  a  given  distance  from  each  other.  And  then  in  the  fifth 
plane  we  have  the  remaining  two  sides  (15)  of  the  carrying-frame. 

Rigidly  connected  with  the  carrying-frame  we  have  the  draw- 
ing-board ;  or,  to  make  the  whole  more  complete,  this  should  be 
adjustable  to  any  given  position  in  regard  to  the  carrying-frame 
by  giving  it  two  sliding  motions  crosswise,  and  a  rotating  motion, 
in  the  manner  of  an  eccentric  chuck. 

To  convert  the  apparatus  into  an  oval  chuck,  we  remove  alto- 
gether the  carrying-frame  ;  and  in  the  third  plane  we  fix  to  the 
sides  (8)  of  the  handle-frame  two  bars  at  right  angles  to  these 
sides,  by  means  of  pegs  on  the  lower  surfaces  of  these  bars 
fitting  tightly  into  holes  on  the  sides  (8)  (which  holes  and  the 
ends  of  the  bars  are  shown  in  the  figure),  in  such  wise  that  these 
bars  include  between  them  the  piece  (9),  which  is  thereby 
kept  in  a  direction  at  right  angles  to  the  sides  (8),  and  thus 
slides  between  the  two  bars.  There  are  thus  in  the  handle-frame 
two  lines  at  right  angles  to  each  other,  which  pass  through  the 
fixed  points  A  and  B  respectively ;  so  that,  now  connecting  the 
drawing-board  directly  with  the  handle-frame,  the  apparatus 
has  become  an  oval  chuck,  viz.  the  curve  traced  out  on  the 
drawing-board  will  be  an  ellipse.  The  drawing-board  should 
be  adjustable  to  any  given  position  in  regard  to  the  handle- 
frame,  in  like  manner  as  it  was  to  any  given  position  in  regard 
to  the  carrying-frame;  it  is  easy  to  arrange  as  to  this. 

It  is  hardly  necessary  to  remark  that  the  pencil  should  have 
two  sliding  motions  crosswise,  so  as  to  allow  it  to  be  adjusted  to 
any  given  position;  and  a  small  up-and-down  motion,  so  that  it 
may  be  loaded  to  press  with  the  proper  force  upon  the  drawing- 
board. 

The  variety  of  forms,  even  with  a  fixed  adjustment  of  the 
chuck,  only  the  position  of  the  pencil  being  altered,  is  very  con- 
siderable :  among  them  we  have  bent  ovals  ;iiid  pear-shapes, 
passing  through  eusj)idal  forms  into  bent  figures-of-eight. 
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XLVI.   On  a  Collector  for  Frictional  Electrical  Machines. 
Bij  Dr.  H.  Emsmann*. 

FROM  observing  how  effective  the  condenser  is  when  applied 
to  llubuikortf's  coil,  notwithstanding  the  small  space  that 
it  occupies,  I  was  led  to  imagine  that  a  compendious  collector, 
which  would  nevertheless  increase  the  effect  considerably,  might, 
in  like  manner,  be  adapted  to  the  ordinary  frictional  electrical 
machine. 

In  this  I  have  been  completely  successful.  At  an  inconsider- 
able outlay  I  have  attained  what  the  remarkable  and  compa- 
ratively expensive  ring  (now,  however,  disproportionately  expen- 
sive) produces  when  adapted  to  Winter's  electrical  machine. 

My  original  idea  was  to  form  the  collector  of  a  single  long 
strip  of  tinfoil  to  be  folded  up  between  two  overlapping  strips  of 
waxed  paper,  and  which  would  be  enclosed  in  a  cover  of  similar 
material  of  about  octavo  size.  I  purposed  placing  this  collector 
on  the  conductor  itself  of  the  machine  (like  Winter's  ring),  or  on 
the  metallic  portion  between  the  conductor  and  the  points. 

M.  Kuhlo,  the  assiduous  and  skilful  philosophical-instrument- 
maker  of  this  place,  to  whom  I  addressed  myself  to  carry  out 
my  idea,  has  now  executed  ihe  collector  in  this  way — namely,  by 
inserting  into  each  other  several  glass  tubes  hermetically  sealed 
at  one  end,  the  diameter  of  the  widest  tube  being  about  2  inches. 

With  the  exception  of  the  widest,  which  serves  simply  as  an 
insulating  cover,  all  the  tubes,  varying  in  number  from  three  to 
five,  are  coated  externally  with  tinfoil  applied  with  paste ;  the 
edges  of  their  open  ends  lie  in  the  same  plane ;  and  at  those  ends 
all  these  tinfoil  coatings  are  united  together  and  brought  into 
metallic  connexion  with  the  conductor  of  the  machine,  the  ar- 
rangement being  such  that  the  collector  can  be  adapted  thereto 
or  removed  at  pleasure. 

The  effect  })roduced  is  astonishing.  The  collector  accom- 
plishes even  more  than  Winter's  ring  does  when  placed,  instead 
thereof,  upon  a  machine  furnished  with  such  a  ring. 

This  simple  and  inexpensive  collector  can  be  easily  adapted  to 
any  frictional  electrical  machine;  so  that  with  every  such  machine 
we  may  obtain  in  an  easy  and  cheap  manner  similar  eflPects  to 
those  for  which  Winter's  ring  was  so  remarkable. 

Stettin,  Fcbiuary  1872. 

*  Communicated  by  W.G.  Lettsotn,  Esq.,  from  Poggendorff's /J?J?2a/e7/, 
vol.  cxlv.  p.  'S6'2. 
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XLVII.   On  Electrolysis,  and  the  Vassage  of  Electricity  throwjh 
Liquids.     By  G.  Quincke*. 

SOME  time  ago,  iu  a  paper  "On  the  Transport  of  Material 
Particles  by  Current  Electricity/^  I  attempted  to  show  how 
a  series  of  phenomena  of  motion  which  current  electricity  brings 
into  play  may  be  simply  explained  if  we  assume  that  electricity 
is  excited,  not  merely  on  the  contact  of  two  metals,  but  also 
when  any  two  heterogeneous  bodies  are  in  contact.  This  as- 
sumption, which,  I  think,  must  necessarily  be  made  so  long 
as  no  definite  limits  can  be  drawn  between  various  bodies  as 
regards  their  electrical  deportment,  enables  us  to  conceive  the 
conduction  of  electricity  in  electrolytes  in  a  manner  similar  to 
that  in  the  paper  I  have  mentioned.  The  following  communi- 
cation, which,  with  the  exception  of  the  experiments  with  Thom- 
son's galvanometer,  was  written  as  long  as  six  years  ago,  is  a 
continuation  of  the  former,  and  is  intended  to  show  how  far  con- 
cordance between  theory  and  experiment  can  be  demonstrated. 

Though,  from  our  ignorance  of  the  magnitude  of  the  resistance 
of  friction,  and  of  the  excitation  of  electricity  on  the  contact  of 
the  molecules,  we  cannot  predict  all  the  phenomena  of  electro- 
lysis, Faraday's  law  for  instance  (which  objection,  as  far  as  I 
know,  might.be  raised  against  all  the  theories  hitherto  proposed), 
yet  we  can  do  it  for  a  great  number  of  phenomena  without 
having  recourse  to  new  hypotheses. 

§52. 

Let  us  first  suppose  an  electrolyte  of  linear  dimensions  through 
which  an  electrical  current  is  continually  flowing  in  the  direction 
of  tlie  positive,  x.  By  electrolyte  we  are  to  understand  a  body 
which  undergoes  some  change  in  its  chemical  condition  in  one 
or  more  parts  when  an  electrical  current  traverses  it.  To  fix  our 
ideas,  let  us  suppose  that  some  salt  (say,  chloride  of  sodium  in 
some  solvent  such  as  water)  is  the  electrolyte. 

No  substance  in  nature  is  a  perfect  insulator.  All  substances 
without  exception  conduct  electricity,  like  metals ;  only  they 
oppose  greater  resistance  to  the  motion  of  electricity  than  the 
metals.  Whether  a  different  kind  of  conduction  (what  is  called 
the  electrolytical)  is  possible,  is  a  different  question,  which  must 
be  left  to  further  investigation  to  solve. 

It  is  assumed  that  each  of  the  partial  molecules  of  which  the 
total  molecule  is  made  up  has  a  definite  quantity  of  free  electri- 
city;  in  this  case  it  is  each  molecule  of  chlorine  and  each  mole- 
cule of  sodium  :  let  each  sodium  molecule  have  the  quantity 

*  Translated  from  PoggeiidorfF's  Annalen,  No.  9,  1871. 
Phil  Mag.  S.  4.  Voh  43.  No.  287.  May  1872.  2  B 
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of  free  electricity  e,  and  each  molecule  of  chlorine  the  quantity 
of  free  electricity  e*. 

This  free  electricity  arises  from  the  different  degrees  of  attrac- 
tion which  sodium,  chlorine,  hydrogen,  and  oxygen,  being  simul- 
taneously in  mutual  proximity  in  space,  exert  upon  the  two 
electric  fluids.  As  in  the  ease  of  the  excitation  of  free  electri- 
city by  the  contact  of  different  metals,  so  in  this  case  also  the 
free  electricity  of  each  constituent  may  depend  upon  the  tem- 
perature of  the  bodies  in  contact,  and  may  alter  with  the  con- 
dition of  the  solvent.  The  magnitude  and  signs  of  the  masses  of 
electricity  e  and  e'  remain  to  be  determined,  but  may  in  general 
be  either  both  equal  or  different. 

Each  of  the  two  masses  of  electricity  will  be  moved  with  a  force 

^V         ,        dV  , 

7-  6  and J—  e , 

dx  dx 

vv^here  the  force  is  positive  in  the  direction  of  the  positive  elec- 
tricity, and  V  is  the  potential  of  free  electricity  for  the  corre- 
sponding section  of  the  conductor.  Within  the  same  section  of 
the  linear  conductor  the  potential  V  is  constant,  and,  in  electro- 
lytes as  well  as  in  metals,  depends  only  on  the  free  electricity  on 
the  surface  of  the  conductor  (compare  §  57  etscqq.).  Withiu  the 
conductor  there  is,  indeed,  free  electricity  on  the  various  consti- 
tuent molecules ;  but  at  the  same  place  in  space  equal  and  oppo- 
site quantities  of  electricity  lie  so  near  each  other  that  they  exer 
equal  and  o])posite  actions,  and  thus  their  action  on  more  distant 
particles  of  electricity  is  nullified.  If  a  constant  current  of  elec- 
tricity traverses  the  conductor,  it  is  quite  immaterial  for  the 
present  considerations  whether  the  free  electricity  has  collected 
on  the  external  surface  in  consequence  of  a  mechanical  displace- 
ment of  hquid  particles,  or  from  some  other  cause. 

Since  the  quantities  of  electricity  on  the  individual  molecules 
can  only  move  slowly  or  with  difficulty  from  one  molecule  to  an- 
other, the  quantities  of  electricity  e  and  e'  will  carry  with  them 
the  constituent-molecules  (ions)  to  which  they  adhere;  and, 
owing  to  friction  against  the  surrounding  liquid,  each  will  very 
soon  acquire  a  constant  mean  velocity. 

These  constant  velocities 

dV  dV 

^.^^C'^e    and  i/=-C'^-e'      ,     .     .     (1) 
dx  dx 

will  have  the  direction  of  the  forces  acting  upon  the  electrical 
masses  e  and  e',  and  with  these  masses  will  change  their  sign — 
that  is,  their  direction.  The  constant  C  which  defines  the  velo- 
city of  such  a  material  constituent-molecule  aiul  the  adhering 
quantity  of  electricity  c,  besides  depending  on  the  magnitude  of 
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tlie  moving  mass  and  on  the  friction  against  the  surrounding 
liquid,  also  depends  on  the  greater  or  less  difficulty  with  which 
the  electrical  mass  e  is  detached  from  the  material  constituent- 
molecule. 

The  force  with  which  the  constituent-molecules  (in  this  case 
chlorine  and  sodium)  are  separated  can  be  supposed  proportional 
to  the  relative  mean  velocity  of  the  two  molecules,  and  for  a  given 
distance  is 

K=A(.-.')  =  -g(Be-BV),  ....     (2) 

where  A  and  B  are  constants. 

If  q  is  the  section.  A,  the  conductivity  of  the  entire  liquid,  i 
the  intensity  of  the  current,  then* 

dx  ~      \q 
and 

^^l.B^         (4.) 

q  \ 

that  is,  the  force  which  tends  to  separate  the  partial  molecules 
or  the  so-called  ions  of  the  same  electrolyte  is  greater  the  greater 
the  density  of  the  current,  if  by  density  we  understand,  as  usual, 
the  quotient  of  the  current-intensity  and  the  section. 

Hence  substances  which  for  definite  currents  are  insulators 

would  become  conductors  if  the  density  of  the  current  -  were 

suitably  increased,  and  would  undergo  decomposition.  The 
latter  would  occur  provided  the  force  K  were  greater  than  the 
attraction  which  the  two  partial  molecules  exert  upon  each  other 
in  consequence  of  chemical  action. 

,  §  53. 
Let  us  assume  that  the  electrical  current  i  in  the  linear  con- 
ductor (the  thread  of  liquid  under  electrolysis)  arises  from  a 
Grove's  battery  of  n  cells.  Let  G  be  the  electromotive  force  of 
one  element,  /  the  length  of  the  thread  of  liquid  traversed  by 
the  current,  W  the  resistance  of  the  metallic  conduction  and  of 
the  elements ;  then  by  Ohm's  law, 

.         nG 

z=- .; 

Kq 

and  this  value  inserted  in  equation  (4)  gives 

K==  ;     w  .    (Be-BV) (5) 

*  Pogg.  Ann.  vol.  oxiii.  p.  686,  §  46 j    and  KirchhofF,  Pogg.  Ann. 
vol.  Ixxv.  p.  191. 
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]( tlip  resistance  W,  as  is  frequently  the  case,  is  very  small  coin- 
l)ared  with  the  resistance  of  the  electrolyzed  column  of  liquid,  the 
expression  (5)  passes  into 

K=^(Be-B'e') (0) 

The  force  which  tends  to  separate  the  partial  molecules  {the  ions) 
increases  with  the  electromotive  force  of  the  battery  used,  is  in- 
versely proportional  to  the  lemjth  of  the  thread  of  liquid  to  be  elec- 
trolyzed, but  independent  of  its  section  and  conductirity. 

If  the  resistance  of  the  elements  and  the  metallic  conduction 
cannot  be  neglected  in  comparison  with  the  resistance  of  the 
electrolyzed  thread  of  liquid,  the  force  K  is  still  smaller  than  is 
given  by  expression  (G). 

The  force  depends  here  very  much  on  e  and  e'.  In  the  case 
of  solid  bodies,  where  the  partial  molecules  are  hardly  or  not 
at  all  mobile,  and  the  constants  13  B'  have  the  value  0,  we  have 
also  K  =  0,  and  there  is  no  electrochemical  decomposition  of  the 
total  molecule. 

§54. 

Since  each  chlorine-  and  each  sodium-molecule  moves  with  a 
certain  velocity,  the  relative  velocity  of  these  partial  molecules 
will  be  retarded  by  the  attracting  forces  which  chlorine  and 
sodium  exert  upon  each  other.  On  the  other  hand,  the  attrac- 
tion towards  the  adjacent  sodium- or  chlorine-particleof  the  next 
or  preceding  complete  molecule  will  again  increase  this  velocity 
to  the  same  extent.  It  may  hence  be  assumed  that  when  the 
electrolyte  is  generally  decomposed,  and  conducts  electricity 
electrolytically,  the  particles  will  move  past  each  other  with  a 
mean  constant  relative  velocity. 

If  in  the  unit  of  volume  of  liquid  there  are  a  parts  by  weight 
of  sodium  and  a'  parts  by  weight  of  chlorine,  a  and  a'  arc  to  each 
other  in  the  ratio  of  their  chemical  equivalents.  If  M  is  the 
entire  quantity  of  the  one  ion  (sodium),  and  IM'  that  of  the  other 
(chlorine),  which  are  carried  along  in  the  direction  of  the  positive 
x  by  the  unit  of  length  of  the  thread  of  liquid,  we  have 

dY 
M  =  (lac  =  —  Ce  .  (/a  .  -r-> 
■'  ^       dx 

-'  (I.V  '   - 

dY 
or,  i>lacing  for-.-  its  value  from  equation  (3), 


(7) 


A, 


(«) 
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wliere  tlie  values  I\I  and  M',  just  as  the  corresponding  e  and  t', 
may  be  positive  or  negative. 

In  the  middle  of  the  thread  of  liquid  the  composition  and 
concentration  are  not  changed  :  for  each  quantity  ]\I  or  M' 
which  emerges  from  a  section,  the  same  quantity  M  or  M'  comes 
on  the  other  side  fi'om  the  adjacent  section.  It  is  different  at 
the  electrodes^  at  the  ends  of  the  thread  of  liquid^  where  the 
electrical  current  enters  or  emerges.  Here,  according  to  the 
direction  of  the  motion  (or,  what  is  the  same  thing,  according  t'> 
the  sign  of  IM  or  M'),  sodium-  or  chlorine-molecules  may  accu- 
mulate or  be  carried  away. 

For  the  moment  we  know  nothing  as  to  the  sign  and  quantity 
of  ]M  and  M'.  Assuming  now  that  both  are  positive,  and  the 
number  of  removed  equivalents  of  sodium  are  greater  than  the 
number  of  removed  equivalents  of  chlorine,  or 

m>4m', 

« 

in  the  last  section,  in  which  the  electrical  current  emerges 
from  the  thread  of   liquid,   M'   parts  by    weight    of  chlorine 

meet  with  —  M'  parts  by  weight  of  sodium,  and  combine  to  form 

(  1  H — A  M'=/Lt  parts  by  weight  of  neutral  salt.     There  remain 

then  in  the  last  section, 

m  =  M--,M' (Off) 

« 

parts  by  weight  of  sodium  ;  that  is,  they  are  here  separated  on 
the  positive  side  of  the  x,  at  the  so-called  negative  electrode  or 
cathode. 

Simultaneously  from  the  first  section  of  the  thread  of  liquid, 
in  the  unit  of  time,  M  parts  by  weight  of  sodium  have  come  out, 

and,  of  the  —.  M  parts  by  weight  of  chlorine  which  have  been 

united  with  them,  only  M'  parts  by  weight  have  been  carried 

away.     There  thus  remain  —  M  —  M' parts  by  weight  of  chlorine 

uncombined  at  the  positive  electrode  or  anode;  if  this  be  de- 
signated by  m',  we  have 

nJ=-'^(u^"^M\     ....      (9Z/) 
a  \  «       / 

where  the  negative  sign  denotes  that  m'  is  separated  at  the  anode 
on  the  negative  side  of  the  x. 

Hence  the  first  section  of  the  thread  of  liquid  has  become 
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poorer  by  f  1  +  -  jM  parts  by  weight  of  neutral  salt.  If,  there- 
fore, fjb  or  /m'  be  the  parts  by  which  the  liquid  at  the  cathode  or 
the  anode  has  become  richer  in  the  unit  of  time,  then 


(10) 


If  M  and  M'  are  both  negative,  equations  (9)  and  (10)  still 
hold ;  only  then  m  and  fi  are  negative,  m'  and  fjJ  positive ;  that 
is,  m'  is  the  quantity  of  partial  molecules  separated  at  the  cathode, 
m  that  at  the  anode ;  at  the  cathode  the  concentration  of  the 
liquid  has  become  smaller^  but  greater  at  the  anode. 

Equations  (9)  and  (10)  hold  moreover  for  the  case  (and  this,  by 
the  way,  is  the  most  frequent  one)  that  the  two  partial  molecules 
are  moved  to  different  sides  by  the  electrical  current,  and  that 
M  and  M'  have  thus  opposite  signs.  If  ]\I'  is  negative,  yu,  is  so 
also ;  that  is,  the  liquid  undergoes  a  smaller  degree  of  concen- 
tration both  at  the  positive  and  the  negative  electrode,  apart 
from  the  quantity  of  liberated  or  decomposed  partial  molecules. 

Ti-om  equations  (9)  and  (10)  the  following  results  ensue.  If 
M  and  M'  have  opposite  signs,  then 

M<m,     M'<m', (llfl) 

and  the  concentration  of  the  liquid  decreases.  If  M  and  M' 
have  the  same  sign,  then 

?n<M,     W<M', (lU) 

and  the  concentration  of  the  liquid  increases  at  one  electrode  and 
decreases  at  the  other.  The  increase  takes  place  at  that  elec- 
trode towards  which  the  greater  equivalent-number  of  partial 
molecules  is  driven  by  the  current. 

Both  equations  (9)  may  also  be  written  thus, 
a!m=      a'M  — aM', 
«wi'=-a'M  +  «M', 
or,  taking  equation  (7)  into  consideration, 
7n=z      qaiv-v'),!    . 
■)n!=  —qa[v  —  v');J 
that  is,  the  quantities  of  the  ions  lihernted  are  ■proportional  to  the 
relative  mean  velocity  loith  which  the  partial  molecules  move  past 
each  other  in  the  liquid. 

JJy  the  adjacent  geometric  construction  an  idea  of  the  whole 
jn'oecss  may  be  obtained. 

Let  the  line  J'^O^  represent  the  equivalent-number  of  sodium- 
molecules  of  the  thread  of  liquid,  and  PqQ,,  theequivalent-nuin- 
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ber  of  the  corresponding  chlorine-molecules  before  the  electrical 
current  is  set  up.  After  this  has  passed  through  the  liquid  for 
a  second,  Fq  Gq  has  come  into  the  position  F  G,  Pq  Qo  i^ito  the 
position  P  Q.  The  middle  dotted  line  at  right  angles  to  the  x 
axis  denotes  any  section,  supposed  to  be  fixed,  towards  which  the 
displacement  is  observed.  The  distance  of  the  points  PqP  or 
Fo  F  measured  upon  the  x  axis  represents  the  whole  equivalent- 
number  of  partial  molecules  moved  through  the  fixed  section ;  the 
distance  of  the  points  P  F  or  G  Q  the  number  of  the  equivalents 
separated  at  the  anode  or  cathode;  the  distance  of  the  points 
Fq  F  and  Qq  Q  the  number  of  equivalents  of  salt  by  which  the 
concentration  at  the  electrodes  has  increased  or  decreased. 


The  three  figures  refer  to 


I. 

II. 

III. 


M>0 
M>0 
M<0 


M'>0, 
M'<0, 
M'<0. 


[To  be  continued.] 
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XLVIII.  Notices  respecting  New  Books. 

An  Elementary  Treatise  on  Curve-Tracing .  By  Percival  Fkost, 
M.A.,  formerly  Fellow  of  St.  John's  College,  Cambridge,  Mathema- 
tical Lecturer  of  King's  College.  London :  Macmillan  and  Co. 
1872  (Svo,  pp.  208). 
''I'^IIIS  work  is  almost  exclusively  devoted  to  the  tracing  of  curves 
-*-  whose  equations  are  of  the  iQxmf{xy)-=0,  where/' denotes  a 
rational  algebraical  function.  The  author  is  perfectly  aware  of  the 
limited  aim  of  his  book,  and  in  fact  says  somewhat  naively  : — "  The 
student  might  expect  in  a  treatise  upon  this  subject  to  find  methods 
of  drawing  Polar  Curves,  Rolling  Curves,  Loci  of  Equations  in  Trili- 
near  Coordinates,  and  Intrinsic  Equations  ;  he  might  also  expect  to 
find  interesting  Geometrical  Loci  discussed.  These,  and  many  other 
things  immediately  connected  with  the  tracing  of  curves,  have  been 
deliberately  omitted  for  reasons  which  I  consider  good"  (p.  v). 
These  omissions  are  determined  by  the  object  for  which  the  book  is 
written,  viz.  to  furnish  preliminary  exercises  in  elementary  mathe- 
matics— especially  in  Algebra  as  far  as  the  Binomial  Theorem,  the 
fundamental  parts  of  the  theory  of  Equations,  and  the  general  me- 
thods of  Algebraical  Geometry — with  a  view  to  assisting  the  student 
to  acquire  that  mastery  over  these  subjects  which  should  be  attained 
before  he  enters  on  the  higher  branches  of  mathematics,  or  on  their 
application  to  Physical  questions. 

Of  course  the  points  in  the  theory  of  curves  which  are  commonly 
given  as  applications  of  the  Diff"erential  Calculus  to  Geometry  occur 
here — such  as  drawing  tangents  and  asymptotes,  determining  points 
of  inflection,  cusj)s,  multi])le  points,  radii  of  curvature,  &c. ;  but  as 
the  equations  of  the  curves  are  simple  algebraical  functions,  these 
points  can  be  discussed  by  successive  ai)])roximations  without  refer- 
ence to  the  methods  of  the  Differential  Calculus.  Thus,  let  the 
equation  to  the  curve  be  written  in  the  form 

«.  +  «.  +  «,+ --—O^ (1) 

where  Wp  m^,  Mj,  .  •  •  are  functions  of  the  1st,  2nd,  3rd  . . .  order  re- 
spectively ;  now,  when  x  and  y  are  both  small,  the  first  approximate 
value  of  (1)  is 

«,  =  0, 

which  gives  the  tangent  to  the  curve  at  the  origin.  Tlic  second  aj)- 
proximation, 

W|  +  ?^,  =  0, 

gives,  generally,  a  curve  of  the  second  order  a])proximating  to  tlie 
curve  and  having  tlie  same  curvature  at  the  origin  as  the  given  curve. 
It  can  further  be  shown  that  there  are  generally  an  infinite  number 
of  conies  which  have  tlie  property  of  coinciding  with  the  curve  up 
to  the  tliird  order  near  the  origin,  :uid  fn^n  amongst  these  the  circle 
of  rurvature  can  be  easily  selected. 

If  we  su])pose  tlie  equation  (1)  to  take  particular  forms,  such  as 
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u^w^  +  v^+  .. .  =0, 
v,'+u,+  ...=0, 

V  +  'V+"3+  ••  •  =0j 

a  similar  process  of  reasoning  shows  that  near  the  origin  the  curve  in 
these  cases  has  two  branches  with  either  distinct  or  coincident  tan- 
gents, or  has  a  conjugate  point  at  the  origin.  It  is  scarcely  neces- 
sary to  observe  that  the  student  who  has  approached 'the  subject  in 
this  manner  will  find  that  the  corresponding  parts  of  Treatises  on  the 
Differential  Calculus  offer  no  difficulty,  and  give  in  fact  little  more 
than  rather  obvious  generalizations  of  points  that  have  already  en- 
gaged his  attention. 

The  chief  contents  of  the  Treatise  are  these  : — In  addition  to  pre- 
liminary explanations,  there  is  a  full  discussion  of  the  forms  of  curves 
near  the  origin,  and  of  the  forms  which  they  tend  to  take  at  an  in- 
finite distance,  a  subject  which  includes  the  discussion  of  asymptotes 
both  rectilinear  and  curvilinear.  There  is  also  an  account  of  various 
means  (such  as  division  into  compartments)  by  which  curves 
whose  equations  cannot  be  solved  for  one  of  the  variables  may  be 
attempted  "before  they  are  given  up  in  despair."  The  properties 
of  the  "  analytical  triangle"  are  given  at  some  length,  as  well  as 
several  illustrations  of  its  ordinary  use  in  ascertaining  the  form  of 
curves  whose  equations  are  of  a  high  degree.  A  novel  use  of  the 
triangle  is  also  suggested  and  illustrated  by  Mr.  Frost,  viz.  as  an  aid 
in  inferring  the  equation  from  the  form  of  a  traced  curve.  The  work 
is  illustrated  by  seventeen  plates,  which  show  the  forms  of  a  very 
large  number  (about  two  hundred)  of  curves  whose  equations  are 
discussed  in  the  text.  Although  the  book  is  intended  for  those 
whose  mathematical  acquirements  are  limited,  yet  we  presume  it  is 
addressed  to  students  of  more  than  average  capacity.  To  such  it 
will  offer  no  serious  difficulty  ;  they  will  work  through  it  in  a  short 
time,  and  in  doing  so  will  find  much  that  is  instructive,  and  many 
pleasant  exercises  of  their  ingenuity.  To  others,  we  fear,  the  study 
will  prove  a  serious  undertaking. 

Arithmetic  in  Theory  and  Practice.  By  J.  Brook  Smith,  M.A., 
LL.B.  London  :  Macmillan  and  Co.  (Crown  8vo,  pp.  426.) 
The  aim  of  the  author  of  the  above  work  is  to  explain  fully  the 
principles  on  which  the  rules  of  Arithmetic  are  based,  and  to  do  this 
by  numbers  only  without  the  aid  of  more  general  symbols.  In  car- 
rying out  this  view,  he  states  most  of  the  principles  of  the  science  in 
the  form  of  propositions,  of  which  he  gives  formal  proof.  The  aim 
and  execution  of  the  work  are  both  excellent ;  but  it  may  be  noted 
that  when  a  general  statement  has  to  be  proved  by  reasoning  on  a 
particular  case,  the  force  of  the  proof  is  apt  not  to  be  felt  by  the 
student  unless  it  is  quite  manifest  that  the  reasoning  which  applies 
to  one  case  will  equally  apply  to  all ;  and  accordingly  in  several 
cases  Mr.  Brook  Smith's  proofs  would  have  gained  in  clearness,  if 
not  in  cogency,  from  the  use  of  general  symbols.     Both  as  speci- 
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mens  of  the  book  and  as  instances  of  what  we  mean,  we  will  cite 
two  propositions. 

"  If  we  interchange  multiplicand  and  multiplier,  the  product  remains 
the  same. 

"  Thus  7  multiplied  by  5  is  the  same  as 
5  multiplied  by  7.  For  write  down  7  units 
in  a  horizontal  line,  and  repeat  this  line  5 
times ;  the  number  of  units  written  down  is 
7  repeated  5  times  or  7  multiplied  5  times. 
But  in  each  vertical  line  there  are  5  units, 

and  there  are  7  such  lines  ;  therefore  the  number  of  units  written 
down  is  5  repeated  7  times,  or  5  multiplied  by  7  ;  that  is,  7  multi- 
plied by  5  is  the  same  as  5  multiplied  by  7."    (P.  14.) 

Here  the  reasoning  is  obviously  conclusive  ;  what  is  proved  in  the 
case  of  7  and  5  is  obviously  true  of  any  other  two  numbers.  We 
will  now  take  another  proposition. 

"  If  the  numerator  and  denominator  of  a  fraction  be  prime  to  each 
other,  the  numerator  and  denominator  of  any  fraction  of  equal  value 
will  be  equimultiples  of  the  ?iumerator  and  denominator  of  the  given 
fraction." 

"  The  numerator  and  denominator  of  4  are  prime  to  each  other  ; 
and  suppose  ^q  to  be  equal  to  A;  then  8  and  10  are  equimultiples 
of  4  and  5. 

"  For,  multiply  numerator  and  denominator  of  ^  by  10,  and  of  ^ 
by  5,  these  fractions  will  be  unaltered  in  value ;  therefore 

4xlO_  8x5 
5x10      10x5' 

And  since  the  parts  composing  these  fractions  arc  all  equal,  the 
numbers  taken  in  both  cases  must  be  equal,  so  that 

4x  10=8x5  or   =5x8, 

And  since  4  divides  4x  10,  it  divides  5x8;  but  4  is  prime  to  5, 
therefore  it  divides  8 ;  let  the  quotient  be  2,  so  that 

8=4x2; 
therefore 

4  X  10=5x4x2. 

And  dividing  each  of  these  quantities  by  4,  wc  have 

10=5x2; 

that  is,  10  is  the  same  multiple  of  5  that  8  is  of  4  ;  or  the  numerator 
and  denominator  of  y^y,  arc  equimultiples  of  the  numerator  and  deno- 
minator of  4."     (P.  63.) 

In  this  case  the  reasoning  is  quite  cogent,  but  is  rendered  obscure 
by  the  use  of  the  second  jjarticular  fraction  ^'\j.  We  shrewdly  sus- 
pect that  a  large  number  of  students  will  remark  when  they  come 
to  the  end  of  the  proof,  that  it  was  plain  to  begin  with  that  8  and 
10  are  equimultiples  of  4  and  5  ;  i.  c.  they  will  have  missed  the  point 
of  the  proof.     And  accordingly   the  proof  would  have  been  made 
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much  plainer  if  the  preliminary  assumption  had  been 

4  _x 

5  y 

The  reasoning  would  then  have  run  thus : 

Therefore  4  x  y = 5  x  .r. 

As  4  is  prime  to  5,  x  must  be  divisible  by  4  ;  let  it  equal  4  x  7n,  then 

y=5  Xm. 
Hence  x  and  y  are  equimultiples  of  4  and  5. 

There  is  in  reaUty  no  objection  to  the  use  of  general  symbols  in  a 
treatise  on  arithmetic.  For  it  must  be  remembered  that  any  student 
who  takes  in  hand  this  or  any  other  complete  treatise  will  already 
be  pretty  familiar  with  the  subject ;  he  will  have  begun  learning  it 
when  a  child,  and  have  acquired  his  knowledge  by  a  daily  practice 
extending  over  some  years.  His  object  will  be  not  to  acquire  knov/- 
ledge  of  a  new  subject,  but  to  extend,  systematize,  and  render  ra- 
tional a  knowledge  which,  as  first  acquired,  was  imperfect  and  em- 
pirical. For  this  purpose  we  know  no  better  treatise  than  Mr. 
Brook  Smith's.  His  explanations  are  clear  and  satisfactory  ;  he  has 
gone  with  great  thoroughness,  though  without  prolixity,  into  the 
theory  of  the  subject ;  and  he  has  illustrated  all  the  parts  of  the 
book  by  an  exceedingly  large  number  of  examples.  A  student 
who  works  straight  through  the  book  will  go  through  an  excellent 
preparation  for  passing  any  of  the  numerous  examinations  in  which 
a  thorough  knowledge  of  arithmetic  is  required. 

Kuklos,  an  Experimental  Investigation  into  the  Relationship  of  certain 
Lines.  %  John  Harris.  Part  First.  Montreal:  1870.  4to, 
pp.  35.     Ten  Plates. 

Though  somewhat  in  doubt  whether  it  were  worthVhile  to  notice 
this  book,  we  have  on  consideration  determined  to  do  so,  for  two 
reasons  :  in  the  first  place,  it  is  published  in  the  dominion  of  Canada  ; 
in  the  next,  although  it  is  undoubtedly  an  attempt  to  square  the 
circle  (and  that  is  a  very  hopeless  sort  of  undertaking),  the  author 
shows  an  acquaintance  with  the  conditions  of  the  question  not  to  be 
generally  found  amongst  his  fellows  ;  for  he  allows  that  the  ratio  of 
the  circumference  to  the  diameter  of  a  circle  is  correctly  expressed 
by  the  number  3*14159  ...  (p.  12).  Moreover  the  prolDlem  which 
he  proposes  to  solve  is  not  intrinsically  absurd  ;  there  must,  of  course, 
be  some  straight  line  intermediate  in  length  to  three  and  four  times 
the  diameter,  which  is  exactly  equal  in  length  to  the  circumference  ; 
and,  further,  the  rectangle  under  half  that  line  and  the  radius  equals 
the  area  of  the  circle.  The  problem  would  therefore  be  solved  if  by  a 
direct  geometrical  construction  a  straight  line  could  be  drawn  equal 
in  length  to  a  given  fraction  of  the  circumference.  Mr.  Harris's 
notion  of  the  solution  seems  to  be  this  : — Let  A  B  be  an  arc  of  a 
circle  whose  centre  is  O;  join  OA;  draw  AT,  a  tangent  to 
the  arc  at  A;  take  A  Oj  =  twice  AO;  with  centre  Oi,  draw  an 
arc  ABj,  join  O,  B,  and  produce  it  to  cut  ABjin  Bj ;  the  length 
of  the  arc  A  13,  is  plainly  the  same  as  that  of  A  B.     If  the  construe- 
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tion  be  repeated,  another  arc  A  B^  will  be  found  (whose  radius  is 
four  times  A  O)  cquul  in  length  to  AB.  This  construction  can  be 
repeated  indcfinitclj',  and  thus  a  portion  of  AT  is  determined  equal 
to  A  B  ;  this  is  what  Mr.  Harris  calls  the  process  of  unbending  an 
arc.  Now  the  only  remark  we  have  to  make  on  this  is,  that  it  is  not  a 
solution  of  the  question, — it  is  not  a  direct  geometrical  construction  ; 
for  it  must  be  repeated  an  infinite  number  of  times  to  yield  the  re- 
quired result.  As  an  approximation,  when  repeated  a  finite  num- 
ber of  times,  it  is  all  very  well,  but  of  no  particular  interest. 

This,  as  far  as  we  can  make  out,  is  the  one  grain  of  sense  in  the 
book.  For  the  rest,  it  is  marked  by  the  oddities  which  in  one  way 
or  another  the  whole  tribe  of  circle-squarers  disjjlays.  Such  is  the 
picturesque  description  of  the  circle-squarer  holding  the  unwilling 
mathematician  "  by  his  optical  sensorium  "  (p.  7).  The  position 
of  the  introduction,  which  is  printed  by  itself  on  the  last  page  : 
and,  in  fact,  the  contents  of  the  book  generally,  are  odd  ;  e.  g. 
on  p.  18  Mr.  Harris  gives  what  he  calls  "interrogative  proposi- 
tion X.,"  which  ends  thus  : — "  Shall  B  H,  the  part  so  cut  off  from 
the  straight  line  B  D,  be  the  required  line  equal  in  length  to  the  arc 
B  m  ?  "  We  are  inclined  to  think  he  intends  this  solemn  question 
to  be  answered  in  the  affirmative ;  but  whether  this  be  so  or  not, 
there  is  no  sort  of  doubt  about  the  true  answer  : — B  m,  an  eighth  part 
of  the  circumference,  is  0/8540  times  the  radius,  while  an  easy  cal- 
culation shows  that  B  H,  determined  by  his  construction,  is  0*78361 
times  the  radius. 

On  the  whole,  should  the  book  fall  into  the  hands  of  any  of  our 
readers,  we  can  cordially  advise  them  not  to  waste  their  time  over  it. 


XLIX.  Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 
[Continued  from  p.  -TIS.] 
Nov.  23,  1871.— General  Sir  Edward  Sabine,  K.C.B.,  President, 

followed  by  Mr.  Francis  Gallon,  Vice-President,  in  the  Chair. 
''PHE  following  communication  was  read  : — 

■*-      "  Note  on  the  Spectrum  of  Enckc's  Comet."     By  William 
Iluggins,  D.C.L.,  LL.D.,  V.P.R.S. 

I  give  the  following  observations  of  Encke's  comet,  and  of  the 
spectrum  of  its  light,  in  the  order  of  the  dates  of  the  evenings  on 
Mhich  they  were  made. 

Oct  1 7.  The  comet  presented  the  appearance  of  a  nearly  circular 
iaint  nebulosity,  in  which  no  condensation  could  be  certainly  distin- 
guished. 

Nov.  7.  By  this  time  an  important  change  had  taken  j)lace  in 
the  aj)])earance  of  the  comet.  There  was  now  a  strong  condensation 
of  light  towards  (he  east.  The  more  condensed  part  of  the  comet, 
which  was  fan-shaped,  was  bounded  on  (he  eastern  side  by  a  tole- 
rably defined  contour,  which  approached  in  form  to  a  ]»arabolic 
curve.     Surrounding  this  brighter  portion  of  the  comet  was  a  much 


Dr.  W.  Iliiggins  on  the  Spectrum  ofEnche's  Comet.       381 

fainter  nebulosity,  of  which  the  boundary  on  the  eastern  side  ap- 
peared to  form  a  line  at  right  angles  to  the  axis  of  the  comet. 

I  suspected  a  very  minute  stellar  nucleus  just  within  the  eastern 
extremity  of  the  brighter  condensed  part,  and  to  a  small  extent 
north  of  the  comet's  axis. 

Nov.  8.  The  description  given  yesterday  is  applicable  to  the  comet 
tonight.  Tlie  brighter  part  appears  more  defined  and  in  stronger 
contrast  to  the  fainter  outlying  nebulosity.  The  nucleus  is  now 
visible  with  certainty.  On  the  western  preceding  side  of  the  comet, 
the  side  towards  the  sua,  the  cometary  light  becomes  gradually  fainter 
and  more  extended  until  it  is  lost  to  view. 

On  this  evening  the  light  of  the  comet  was  examined  by  the 
spectroscope.  The  larger  part  of  the  light  was  resolved  by  the 
prism  into  a  bright  band  in  the  green  part  of  the  spectrum.  The 
band  was  defined  at  its  less  refrangible  limit,  and  gradually  faded 
towards  the  blue.  The  micrometer  gave  5160  millionths  of  a  milli- 
metre as  the  wave-length  of  the  less  refrangible  boundary  of  the 
band.  Two  other  bright  bands  were  occasionally  suspected ;  one 
of  them  appeared  to  be  about  two  thirds  of  the  distance  from  the 
bright  band  towards  D,  the  other  a  little  distance  beyond  F.  No 
continuous  spectrum  could  be  detected.     The  nucleus  was  probably 
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much  too  minute  and  faint  to  give  a  continuous  spectrum  that  could 
be  seen. 

No  difference  in  the  spectrum  was  seen  when  the  slit  was  moved 
over  the  comet  in  different  directions,  as  far  as  its  feeble  light  per- 
mitted. 

The  spectrum  of  a  hydrocarbon,  giving  the  bands  which  appear 
to  be  due  to  carbon,  was  then  reflected  into  the  instrument,  and  ob- 
served simultaneously  with  that  of  the  comet.  The  band  in  the  green 
was  found  to  be  identical  in  position  with  the  brightest  of  the  bands 
of  carbon,  and  to  be  similar  in  gradation  of  brightness  from  its  less 
refrangible  limit. 

Nov.  9.  The  observations  of  yesterday  were  confirmed.  The 
second  more  refrangible  band,  which  was  then  caught  only  by 
glimpses,  was  found  to  be  coincident  with  the  third  band  in  the  car- 
bon spectrum.  The  wave-length  of  the  less  refrangible  limit  was 
about  4735'"'".  The  least  refrangible  of  the  three  cometary  bands 
could  be  seen  only  occasionally. 

Nov.  12.  The  observations  on  this  evening  contain  no  new  facts. 

Nov.  13.  To-night  the  nucleus  appears  as  a  minute,  well-defined 
stellar  point. 
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In  the  spectroscope  tlic  three  bands  are  distinctly  seen.  The 
position  in  the  spectrum  of  the  least  refrangible  band  corresponds 
with  the  first  band  of  the  carbon  spectrum ;  it  commences  from  the 
red,  with  a  wave-length  of  about  5632"'"'. 

Attempts  were  made  with  a  double-image  prism,  a  Nicol's  prism, 
and  a  Nicol's  prism  combined  with  a  Savart's  system  of  plates  to  de- 
tect polarized  light  in  the  comet,  but  without  success. 

Nov.  14.  The  form  of  the  comet  remains  nearly  the  same.  The 
outlying  nebulosity  is  now  chiefly  on  the  south  of  the  axis  of  the 
comet.  The  nucleus  appears  to  be  precisely  at  the  extreme  eastern 
limit  of  the  brighter,  more  condensed  part  of  the  comet. 

The  same  spectrum  was  seen,  but  fog  coming  on  interrupted  the 
observations. 

On  this  evening  an  attempt  was  made  again  to  detect  polarized 
light.  A  double-image  prism  was  placed  between  the  eyepiece  and 
the  eye.  The  prism  was  brought  into  four  different  ])ositions  90^^ 
apart.  At  each  position  of  the  prism  an  attempt  was  made  to  esti- 
mate the  relative  brightness  of  the  two  images.  The  power  of  the 
prism  was  just  sufficient  to  give  two  images  of  the  comet  without 
their  overlapping.  The  difference  in  brightness  of  the  images  was 
exceedingly  small ;  I  could  not  be  certain  that  any  appreciable  differ- 
ence really  existed.  However,  I  attempted  in  each  case  to  select  one 
of  the  two  images  as  the  brighter  one.  Afterwards  I  determined 
the  position  of  the  prism  at  the  four  different  estimations,  and  I 
then  found  that  three  of  the  estimations  were  in  accordance  with  a 
portion  of  the  comet's  light  being  polarized  in  a  plane  passing 
through  the  sun,  and  one  in  opposition  to  that  supposition.  I  he- 
sitate to  attach  any  positive  value  to  these  observations  ;  but  they 
may  perhaps  be  taken  as  showing  that  no  considerable  part  of  the 
comet's  light  is  polarized. 

The  foregoing  observations  appear  to  show  that  the  spectrum  of 
this  comet  is  identical  with  that  of  Comet  II.  18G8,  a  description  of 
which  I  had  the  honour  to  present  to  the  lloyal  Society*. 

It  is  worthy  of  notice  that  the  cometary  matter  appears  drawn  out 
and  diffused  towards  the  sun,  and  that  it  has  not  yet  come  under  the 
influence  of  the  force,  or  been  subjected  to  the  conditions,  whatever 
they  may  be,  by  which  in  most  cases  cometary  matter  appears  to  be 
powerfully  repelled  from  the  sun. 

The  observations  were  made  with  the  telescope  belonging  to  the 
Royal  Society,  of  1 5  inches  aperture.  The  spectroscope  contained 
one  prism  with  a  refracting  angle  of  60,  and  the  small  observing 
telescope  magnified  six  times. 

Dec.  7. — George  Biddell  Airy,  C.B.,  President,  in  the  Chair. 

The  following  communication  was  read  : — 
"  On  Fluoride  of  Silver.— Part  III."     By  G.  Gore,  F.R.S. 
In  this  communication  the  author  has  finally  shown  that  the  action 
of  iodine,  under  the  influence  of  heat  (including  the  process  described 
by  Kiimmerer,  Phil.  Mag.  1863,  vol.  xxv.  p.  213,  for  the  isolation 
*  Phil.  Trans.  18G8,  p.  555  and  plato  xxxiii. 
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of  fluorine),  does  not  liberate  uncombined  fluorine,  but  produces 
fluoride  of  iodine  and  iodide  of  silver,  a  double  salt,  composed  of 
iodide  of  silver  and  fluoride  of  platinum,  being  produced  at  the  same 
time  by  corrosion  of  the  platinum  vessels,  if  the  temperature  a})- 
proaches  a  red  heat. 

The  fluoride  of  iodine  produced  is  a  highly  volatile  and  colourless 
liquid,  does  not  corrode  mercury  or  red-hot  platinum,  corrodes  glass 
at  60°  Fahr.,  and  crystals  of  silicon  at  a  red  heat,  also  platinum  ia 
contact  with  argentic  fluoride  in  a  state  of  fusion  ;  it  instantly  turns 
a  deal  splint  black,  fumes  powerfully  in  the  air,  and  is  decomposed 
•with  violence  by  water  into  hydrofluoric  and  iodic  acids,  in  accord- 
ance with  the  fx)llowing  equation  : — IF.  +  3H20=5HF+HI03.  It 
dissolves  iodine,  and  is  absorbed  by  that  substance  ;  it  is  also  ab- 
sorbed either  by  argentic  fluoride  or  iodide  when  those  substances 
are  cooled  in  its  vapour,  and  may  be  expelled  from  them  at  a  red 
heat.  Its  vapour  quickly  darkens  the  colour  of  a  deal  splint,  and 
very  gradually  turns  paraffin  brown. 

The  platinum  vessels  in  which  the  reaction  with  iodine  was 
eff'ected  were  considerably  corroded  (but  less  so  than  when  bro- 
mine or  chlorine  were  employed) ;  and  many  expensive  vessels  were 
rendered  useless  by  this  cause  during  the  experiments. 

No  chemical  change  occurred  on  heating  argentic  fluoride  to  red- 
ness with  pure  carbon. 

By  heating  this  fluoride  to  redness  in  a  current  of  dried  coal-gas, 
it  was  wholly  reduced  to  metallic  silver,  hydrofluoric  acid  and  te- 
trafluoride  of  carbon  being  evolved. 

In  liquid  cyanogen,  argentic  fluoride  neither  dissolved  nor  suffered 
chemical  change ;  but  at  a  low  red  heat,  in  a  current  of  dry  cya- 
nogen gas,  it  was  entirely  reduced  to  metal,  either  nitrogen  and  te- 
trafluoride  of  carbon,  or  fluoride  of  cyanogen  being  hberated.  An 
aqueous  solution  of  silver  fluoride  was  precipitated  by  passing  a 
prolonged  current  of  cyanogen  gas  through  it.  Fluoride  of  silver 
was  also  decomposed  by  fusion  with  paracyanogen. 

Argentic  fluoride  was  not  dissolved  or  chemically  changed  by 
immersion  in  anhydrous  liquified  hydrocyanic  acid  ;  but  by  passing 
the  dry  acid  in  vapour  over  the  red-hot  salt,  the  latter  was  decom- 
posed and  metallic  silver  liberated.  Aqueous  hydrocyanic  acid  readily 
precipitated  a  solution  of  argentic  fluoride. 

Fluoride  of  silver  was  not  decomposed  by  heating  it  to  redness 
in  an  atmosphere  of  carbonic  oxide  or  carbonic  acid  gases ;  but  by 
prolonged  passage  of  the  mixed  gases  through  an  aqueous  solution 
of  the  salt,  a  brown  precipitate,  soluble  in  aqueous  hydrofluoric  acid, 
was  produced. 

By  fusing  the  fluoride  in  a  current  of  vaporous  terchloride  of 
carbon,  it  was  wholly  converted  into  argentic  chloride,  the  vessels 
being  much  corroded,  and  an  insoluble  double  salt  of  platinum  and 
silver  formed.  Similar  results  took  place  on  using  tetrachloride  of 
carbon.  Silver  fluoride  was  insoluble,  and  remained  unchanged  in 
liquid  tetrachloride  of  carbon  at  60~  Fahr.  ;  and  terchloride  or  tetra- 
chloride of  carbon  had  no  chemical  effect  upon  an  aqueous  solution 
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of  the  silvor-s.ilt.  A  solution  of  bromine  or  iodine  in  tetrachloride  of 
carbon  was  quickly  decolorized  by  agitation  with  small  particles  of 
argentic  fluoride. 

Crystals  of  boron  did  not  decompose  fluoride  of  silver  at  a  low 
red  heat,  nor  chemically  change  at  60°  Fahr.  an  aqueous  solution  of 
the  salt  containing  either  free  hydrofluoric  or  nitric  acids. 

Vitrified  boracic  acid  violently  decomposed  fluoride  of  silver  in  a 
state  of  fusion,  emitting  copious  white  acid  fumes  ;  but  it  had  no 
chemical  effect  upon  an  aqueous  solution  of  the  salt  at  60°  Fahr. 

By  placing  crystals  of  silicon  upon  argentic  fluoride  in  a  state  of 
fusion,  they  become  at  once  red-hot,  undergoing  rapid  combustion, 
and  evolving  fluoride  of  silicon.  A  lump  of  fused  silicon  slowl}'  de- 
composed an  aqueous  solution  of  fluoride  of  silvei",  setting  free  me- 
tallic silver  in  crystals.  Crystals  of  silver  behaved  similarly,  but 
much  more  rapidly,  and  evolved  abundance  of  gas  if  the  solution 
contained  free  hydrofluoric  acid  ;  on  adding  nitric  acid  to  this  mix- 
ture, bubbles  of  spontaneously  inflammable  silicide  of  hydrogen  gas 
were  evolved  and  ignited. 

Pure  and  dry  precipitated  silica  added  to  fluoride  of  silver,  at  a 
temperature  of  low  redness,  evolved  much  heat,  with  violent  action, 
and  set  free  metallic  silver. 

No  chemical  change  took  place  on  passing  fluoride  of  silicon  over 
red-hot  fluoride  of  silver. 

Argentic  fluoride  in  a  state  of  fusion  is  rapidly  decomposed  by 
sulphur  with  evolution  of  heat ;  fluoride  of  sulphur  is  at  the  same 
time  ])roduced,  and  argentic  sulphide  formed.  To  ascertain  whether 
fluoride  of  sulphur  is  a  gas  or  a  volatile  liquid,  an  apparatus  called 
a  "gas-collector"  was  devised  and  employed,  and  a  full  description 
of  its  construction  is  given.  By  using  this  apparatus,  substances 
may  be  heated  without  contact  with  the  external  air,  and  without 
subjecting  the  joints  of  the  apparatus  in  which  they  are  heiited  to 
leakage  by  expansion  or  contraction  of  the  gaseous  contents. 

Fluoride  of  sulphur  was  found  to  be  a  heavy  colourless  vapour, 
uncondensable  at  the  temperature  of  melting  ice  and  at  the  or- 
dinary atmospheric  pressure.  It  corrodes  glass,  fumes  strongly  in 
the  air,  and  has  a  characteristic  and  very  powerful  dusty  odour,  not 
very  unlike  that  of  a  mixture  of  chloride  of  sulphur  and  sulphurous 
anhydride.  Sulphur  rapidly  decomposed  an  aqueous  solution  of 
argentic  fluoride. 

Sulplmrous  anhydride  passed  over  fluoride  of  silver  at  an  incipient 
red  heat,  ])roduced  little  or  no  decomposition  of  the  silver-salt.  A'^a- 
porous  fluoride  of  sulphur  also  produced  no  visible  effect. 

By  passing  the  vapour  of  liquid  chloride  of  suljihur  over  the  fluo- 
ride in  a  state  of  fusion,  chemical  action  occurred,  a  vaj)our  was 
evolved  which  corroded  glass  and  possessed  a  dusty  odour,  but  did 
not  condense  to  a  licpiid;  it  was  probably  fluoride  of  sulphur.  The 
saline  residue  consisted  of  argentic  chloride  aiul  sulphide,  A  solu- 
tion of  argentic  fluoride  was  decomposed  by  agitation  with  liquid 
chloride  of  sulphur,  hydrofluoric  acid  being  evolved,  and  argentic 
cldoride  and  sulphiile  produced. 
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Argentic  fluoride  did  not  dissolve  in  bisulphide  of  carbon.  By 
passing  the  vapour  of  the  latter  substance  over  the  silver-salt  at 
a  red  heat,  a  chemical  change  took  place,  and  a  fuming  acid  vapour 
was  evolved,  in  accordance  with  the  following  equation  : — 

4AgF  +  CS,=2Ag,S  +  CF,. 

A  solution  of  bromine  or  iodine  in  bisulphide  of  carbon  was  rapidly 
decolorized  by  agitation  with  particles  of  argentic  fluoride,  and  the 
liquid  acquired  the  odour  of  tetrafluoride  of  carbon. 

December  21. — George  Biddell  Airy,  C.B.,  President,  in  the  Chair. 

The  following  communications  were  read  : — 

"  On  some  recent  Researches  in  Solar  Physics,  and  a  law  regula- 
ting the  time  of  duration  of  the  Sun-spot  Period."  By  Warren  De 
La  Hue,  D.C.L.,  F.R.S.,  Balfour  Stewart,  F.R.S.,  and  Benjamin 
Loewy,  F.R.A.S. 

1 .  In  the  short  account  of  some  recent  investigations  by  Professor 
Wolf  and  M.  Fritz  on  sun-spot  phenomena,  which  has  been  published 
lately  in  the  'Proceedings  of  the  Royal  Society'  (1S71,  vol.  xix. 
p.  392),  it  was  pointed  out  that  some  of  Wolf's  conclusions  were 
not  quite  borne  out  by  the  results  which  we  have  given  in  our  last 
paper  on  Solar  Physics  in  the  Philosophical  Transactions  for  1870, 
pp.  389-496.  A  closer  inquiry  into  the  cause  of  this  discrepancy 
has  led  us  to  what  appears  a  definite  law,  connecting  numerically 
the  two  branches  of  the  periodic  sun-spot  curve,  viz.  the  time  du- 
ring which  there  is  a  regular  diminution  of  spot-production,  and  the 
time  during  which  there  is  a  constant  increase. 

It  will  be  well,  for  the  sake  of  clearness,  to  allude  here  again,  as 
briefly  as  possible,  to  Professor  Wolf's  results  before  stating  those 
at  which  we  have  arrived. 

2.  Professor  Wolf  had  previously  devoted  the  greater  part  of  his 
laborious  researches  to  a  precise  determination  of  the  mean  length  of 
the  whole  sun-spot  period,  but  latterly  he  has  justly  recognized  the 
importance  of  obtaining  some  knowledge  of  the  average  character  of 
the  periodic  increase  and  decrease.  Hence  he  has,  as  far  as  he  has 
been  able  to  do  so  by  existing  series  of  observations,  and  his  peculiar 
and  ingenious  method  of  rendering  observations  made  at  different 
times  and  by  different  observers  comparable  with  each  other,  endea- 
voured to  investigate  more  closely  the  nature  of  the  periodic  sun- 
spot  curve  by  tabulating  and  graphically  representing  the  monthly 
means  taken  during  two  and  a  half  years  before  and  after  the 
minimum,  and  applying  this  method  to  five  distinct  minimum 
epochs,  which  he  has  fixed  for  the  ibllowing  years : — 

1823-2 
1833-8 
1844-0 
185G-2 
1867-2 

Phil  Mag.  S.  4.  Vol.  43.  No.  287.  May  1872.         2  C 


386     Royal  Society: — IMessrs.  De  La  Rue,  Stewart,  and  Loewy 

3.  In  a  Table  he  gives  the  mean  numbers  expressing  the  solar 
activity,  arranged  in  various  columns,  and  arrives  at  the  following 
results : — 

(1)  It  is  shown  now,  with  greater  precision  than  was  previously 
possible,  that  the  curve  of  sun-spots  ascends  with  greater  rapidity 
than  it  descends.  This  fact  is  shown  in  the  subjoined  diagram, 
which  it  may  be  of  interest  to  compare  with  the  curves  given  pre- 
viously by  ourselves  in  the  above-mentioned  place.  The  zero-point 
in  this  diagram  corresponds  to  the  minimum  of  each  period ;  the 
abscissae  give  the  time  before  and  after  it,  viz.  two  and  a  half  years, 
or  thirty  months ;  the  ordinates  express  the  amount  of  spot-pro- 
duction in  numbers  of  an  arbitrary  scale.  The  two  finely  dotted 
curves  are  intended  to  show  the  actual  character  of  a  portion  of  two 
periods  only,  viz.  those  which  had  their  minima  in  1823-2  and 
1867'2;  the  strongly  dotted  curve,  however,  gives  the  mean  of  all 
periods  (five)  over  which  the  investigation  extends. 


(2)  Denoting  by  x  the  number  of  years  during  which  the  curve  as- 
cends and  ])resuniing  that  the  behaviour  is  approxiniattly  the  same 
throughout  the  whole  period  of  IM  yenrs  as  during  the  five  years 
investigated,  we  have  the  proportion 


whence 


11-i  - 
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or  the  average  duration  of  an  ascent  is  3" 7  years,  that  of  a  descent 

7*4  years. 

'   (3)  The  character  of  a  single  period  may  essentially  differ  from 

the  mean ;  but  on  the  whole  it  appears  that  a  -^         ,  .  [  de- 

[  accelerated  J 

r    rctftrclGci     I  • 

scent  corresponds  to  a  K         ,  .  >   ascent.     Thus  the  minmium 

[  accelerated  J 

of  1844'0  behaved  very  normally,  but  that  of  1856'2,  and  still  more 
that  of  1823'2,  shovrn  in  the  above  diagram,  presents  a  retarded 
ascent  and  descent;  on  the  other  hand,  in  the  minimum  of  1833'8, 
and  still  more  in  that  of  1867'2,  also  shown  in  the  diagram,  both 
ascent  and  descent  are  accelerated. 

4.  Finally,  Professor  Wolf  arranged  in  the  manner  shown  in  the 
following  Table  the  successive  minima  and  maxima,  in  order  to  arrive 
at  some  generalization  which  might  enable  him  to  foretell  the  general 
character  and  length  of  a  future  period.  Taking  the  absolute  differ- 
ences in  time  of  every  two  successive  maxima,  and  the  mean  differ- 
ences of  every  two  alternating  minima,  he  shows  that  the  greatest 
acceleration  of  both  maximum  and  minimum  happens  together.  This 
result  strengthens  our  own  conclusions,  to  be  immediately  stated, 
by  new  evidence,  as  it  is  derived  from  observations  antecedent  to  the 
time  over  which  our  researches  extend. 


Differences  of 

Differences 

Minima. 

alternating 
Minima. 

Means. 

Maxima. 

of  successive 
Maxima. 

1810-5 

1816-8 

1823-2 

23-3 

11-65 

1829-5 

12-7 

1833-8 

20-8 

10-4 

1837-2 

7-7 

1844-0 

22-4 

11-2 

1848-6 

11-4 

1856-2 

23-2 

11-6 

1860-2 

11-6 

1867-2 

From  this  Professor  Wolf  predicts  for  the  present  period  a  very 
accelerated  maximum — a  prediction  which  seems  likely  to  be  fulfilled. 

5.  Comparing,  now,  j\I.  Wolf's  results  with  our  own,  it  must 
not  be  overlooked,  in  judging  of  the  agreement  or  discrepancy  of 
these  two  independently  obtained  sets,  that  our  facts  have  been  de- 
rived from  the  actual  measurement  and  subsequent  calculation  of  the 
s))otted  area  from  day  to  Jay  since  1833  recorded  by  Schwabe, 
Carrington,  and  the  Kew  solar  photograms,  which  measurements 
are  expressed  as  millionths  of  the  sun's  visible  hemisphere,  while  the 
conclusions  of  M.  Wolf  are  founded  on  certain  "  relative  numbers,'.' 
which  give  the  amount  of  observed  spots  on  an  arbitrary  scale,  chiefly 
designed  to  make  observations  made  at  different  times  and  by  various 
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observers  comparable  with  each  other.  This  will  obviously,  in  addi- 
tion to  the  sources  of  error  to  which  our  own  method  is  liable,  intro- 
duce an  amount  of  uncertainty  arising  from  errors  of  estimation  and 
the  possibiUty  of  using  for  a  whole  series  an  erroneous  factor  of  re- 
duction. Nevertheless  we  shall  find  a  very  close  agreement  in 
various  important  results;  and  this  seems  a  sufficient  proof  of  the 
great  value  and  reliabihty  of  M.  Wolfs  "relative  numbers,"  espe- 
cially for  times  previous  to  the  commencement  of  regular  sun  obser- 
vations. 

6.  The  following  is  a  comparison  of  the  data  of  periodic  epochs, 
as  fixed  by  ourselves  and  M.  Wolf : — 

I.  II.  III.  IV. 

Minima  f^^^^?"^'^^^'^*^'"*'!  1833-92  184375  1856-31   1867-12 
,       <       and  Loewy     .     .  J 

epocns.  [Rudolf Wolf      .     .      1833-8     1844-0     1856-2     1867-2 

I.  II.  III. 

Maxima  JDe  La  Rue,  Stewart, and  Loewy  1836-98  1847-87  1859-69 
epochs.  "[Rudolf Wolf 1837-2     1848-6     1860-2 

It  will  be  seen  from  this  comparison  that  only  one  appreciable  dif- 
ference occurs,  viz.  in  the  maximum  of  1847,  which  M.  Wolf  fixes 
nearly  one  and  a  quarter  years  before  our  date. 

The  mean  length  of  a  period  is  found  by  us  to  be  11  -07  years, 
which  agrees  very  well  with  M.  Wolf's  value,  viz.  11-1  years. 

7.  We  found  the  following  times  for  the  duration  of  increase  of 
spots  during  the  three  periods,  and  ior  the  corresponding  decrease, 
or  for  ascent  and  descent  of  the  graphic  curve,  beginning  with  the 
minimum  of  1833: — 

Time  of  ascent.  Time  of  descent. 

1 3-06  years.  6-77  years. 

II 412     „  8-44     „ 

III 3-37     „  7-43     „ 


Mean....     3-52     „  7-55     „ 

Professor  Wolf  gives  3-7  years  and  7-4  years  for  the  ascent  and 
descent  respectively  ;  and  considering  that  he  derived  these  numbers 
only  from  an  investigation  of  a  portion  of  each  [)eriod,  the  agreement 
is  indeed  surprising,  and  would  l)y  itself  suggest  that  the  times  of 
ascent  and  descent  are  connected  by  a  definite  law. 

H.  ]M.  Wolf  has  expressed  in  general  terms  the  following  law  with 
reference  to  this  relation  of  increase  and  decrease  of  sj)ots  : — 

"  The  character  of  a  single  period  may  essentially  differ  from  the 

mean  behaviour ;  but  on  the  whole  it  appears  that  a  \    '■^^"'■"^'*    I 

' '  [  accelerated  J 

descent  corresponds  to  a  i     retarded    1   „gj,p,jj.  »> 
[  accelerated  J 
We,  ou  the  other  hand,  have,  by  an  ins])ection  of  our  curves  (vide 
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Phil.  Trans.  1870,  p.  393),  been  induced  to  make  the  following  re- 
mark on  the  same  question  : — 

"  We  see  that  the  second  curve,  which  was  longer  in  period  as  a 
whole  than  either  of  the  other  two,  manifests  this  excess  in  each  of 
its  branches,  that  is  to  say,  its  left  or  ascending  branch  is  larger 
as  a  whole  than  the  same  branch  of  the  other  two  curves,  and  the 
same  takes  place  for  the  second  or  descending  branch.  On  the  other 
hand,  the  maximum  of  this  curve  is  not  so  high  as  that  of  either 
of  the  other  two  ;  in  fact  the  curve  has  the  appearance  as  if  it  were 
pressed  down  from  above,  and  pressed  out  laterally  so  as  to  lose  in 
elevation  what  it  gains  in  time." 

Although  both  statements  appear  to  lead  up  to  the  same  con- 
clusion, viz.  tliat  ascent  and  descent  are  connected  by  a  law,  still  they 
differ  essentially  in  this  respect,  that  if  A,  B,  C  represent  the  three 
following  consecutive  events,  descent,  ascent,  descent,  ProfessorWolf's 
law  refers  to  the  connexion  between  A  and  B,  while  our  remark 
refers  to  B  and  C.  We  consider  two  successive  minima  as  the  begin- 
ning and  end  of  a  single  period,  while  M.  Wolf,  at  least  in  this  par- 
ticular research,  places  the  minimum  within  the  period,  and  compares 
the  descent  from  the  preceding  maximum  with  the  ascent  to  the 
next  one. 

9.  We  have  considered  the  connexion  thus  indicated  of  sufficient 
importance  to  apply  to  it  the  following  test.  If,  using  the  previous 
notation,  a  definite  relation  exists  between  A  and  B,  the  ratio  of 
the  times  which  the  events  occupy  in  every  epoch  ought  to  be  ap- 
proximately constant ;  similarly  with  respect  to  B  and  C  ;  and  this 
ratio  should  not  be  influenced  by  the  absolute  duration  of  the  two 
successive  events.  It  is  clear  that  the  greater  uniformity  of  these 
ratios  will  be  a  test  for  their  interdependence.  The  following  is  the 
result  of  the  comparison  : — 

a.  Professor  Wolf's  law  :  comparison  of  A  and  B. 

Duration  of  Duration  of 

Periods.  descent  (A).  Periods.  ascent  (B). 

I.     1829-5  to  1833-8     4-3  years     1833-8  to  1837-2     3-4  years. 
II.      1837-2  to  1844-0     6-8     „         1844-0  to  1846-6     2-6     „ 
III.      1846-6  to  1856-2     9-6     „         1856-2  to  1860-2     4-0     „ 

-    4 
Eatio  JJ-.  Difference  from  mean. 

1 1-265]  -0-728. 

II 2-615  I  Mean  2-093  -|-0-5'22. 

Ill 2-400  J  +0-307. 

These  differences  from  the  mean  are  so  considerable,  that  in  the 
present  state  of  the  inquiry  a  connexion  between  any  descent  and  the 
immediately  succeeding  ascent  appears  highly  improbable.  A  very 
new  and  apparently  important  relation  seems,  however,  to  result  from 
a  similar  comparison  of  any  ascent  and  the  immediately  succeeding 
descent,  or  between  B  and  C. 
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b.  Comparison  of  B  and  C. 

Duration  of  Duration  of 

Periods.                  ascent  (B).  Periods.  descent  (C). 

r.   ]8;53-n2  to  lH3fi-98     3-OG  years  1830-98  to  18  13-7.5  077  years. 

II.    1813-75  to  1817-87     4-12     „  1817-87  to  18.5(1-31  8-41     „ 

III.    1856-31  to  1859  69     3-38     „  1859-69  to  1867-12  7-43     „ 

T?      f'rt 

B*  Difference  from  mean. 

1 2-212]  -fO-061. 

II 2-044  I  Mean  2-151  -0-107. 

Ill 2-198J  +0-047. 

The  agreement  of  these  ratios  with  each  other,  and  the  small  dif- 
ferences from  the  mean  of  the  single  ratios,  justify  us  in  the  mean 
time,  until  a  greater  number  of  periods  are  before  us,  to  state  the 
connexion  between  the  two  branches  of  the  periodic  curve  from  one 
iniiiimuni  to  another  in  the  following  more  precise  terms  : — 

J/T  be  the  time  of  duration  of  sun-spot  increase  from  a  minimum 
to  a  maximum,  then  2-15  X  T  (tvith  a  probable  error  of  less  than 
+  0'05)  will  be  the  duration  of  the  sim-spot  decrease  until  the  next 
mininmm. 

This  law,  together  with  the  fact  which  we  have  previously  esta- 
blished, that  a  longer  period  shows  generally  a  depressed  curve, 
while  a  shorter  is  characterized  by  great  jieaks,  points  strongly  to 
the  conclusion  that  the  energy  of  the  ultimate  causes  of  stm-spot 
production,  whether  these  causes  be  intrasolar  or  extrasolar,  is  for 
every  j)eriod  constant. 

"  Note  on  the  Telescopic  Appearance  of  Encke's  Comet."  Bv 
WiUiam  Iluggins,  D.C.L.,  LL.D.,  F.R.S. 

The  first  three  figures  which  accompany  this  note  represent  the 
comet  on  evenings  on  which  its  appearance  was  described  in  a  note 
on  the  S])ectrum  of  the  comet  which  I  had  the  honour  to  present 
to  the  Royal  Society*.  A  contimiance  of  bad  weather  ])revented  me 
from  making  later  observations  of  tlie  comet,  with  tlie  exception  of 
one  evening,  December  5,  when  figure  4  was  obtained  luider  unfa- 
vourable circumstances. 

Fig.  1.  November  7,  7.30  p.m. — From  Oct.  17,  when  the  comet 
consisted  of  a  nearly  round  nebulosity  without  condensation  in  anv 
part,  to  Nov.  7  no  observations  coul(l  be  ol)(ained.  At  the  latter 
date,  the  reniarkalile  fan-form  which  distinguishes  this  appearance 
of  the  comet  was  already  distinctly  ])resentcd.  The  faint  light  liy 
whicli  the  comet  was  surrounded  terminated  on  the  side  from  the 
sun,  that  from  which  the  tail  is  usually  projected,  in  a  straight  boun- 
dary at  right  angles  to  the  longer  axis  of  the  comet.  ,'\t  the  opposite 
side,  (hat  towards  the  sun,  the  faint  nebulosity  expanded  and  became 
fainfer  until  it  could  be  no  longer  (raced.    The  minute  stellar  nucleus 

♦  Proi'.  liny.  Hoc.  vol.  xx.  p.   l.'>. 
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which  was  suspected  at  the  eastern  extremity  of  the  fan  is  not  marked 
in  the  figure. 

Fis;.  2.  November  8,  7  p.m. — The  fan  was  now  brighter  and  more 
defined  in  form.  Tlie  nucleus,  as  a  minute  bright  point,  appeared 
to  be  situated  not  at  the  extreme  western  point,  but  a  Uttle  within 
it,  tOi^'ards  the  north. 

The  sides  of  the  fan  were  slightly  curved,  suggesting  an  approach 
to  a  parabolic  form. 

The  fan  was  brii'hter  on  the  southern  side.  The  eastern  edge  of 
the  faint  light  by  which  the  comet  was  surrounded  still  preserved  a 
right  line  from  north  to  south. 

Fig.  3.  November  14,  6.40  p.m. — The  appearance  of  the  comet 
was  essentially  the  same  as  on  Nov.  8. 

The  bounding  lines  of  the  fan  were  perhaps  less  curved  ;  they 
enclosed  an  angle  of  from  85°  to  90°. 

The  nucleus  had  become  brighter,  and  now  appeared  to  form  the 
extreme  eastern  point  of  the  fan. 

No  prolongation  of  the  eastern  boundary,  where  the  tail  is  usually 
formed,  was  seen. 

Fig.  4.  December  5,  5.30  p.m. — Thin  mist  in  the  atmosphere 
allowed  the  brighter  parts  only  of  the  comet  to  be  satisfactorily  ob- 
served. 

The  condensation  of  light  was  now  much  stronger  at  the  eastern 
end,  but  a  defined  nucleus  was  not  detected. 

The  fan  form  was  less  marked ;  the  brighter  part  of  the  comet 
more  resembled  a  brush-like  flame. 

The  atmospheric  haze  nearly  concealed  the  faint  light  surrounding 
the  comet,  but,  by  glimpses,  a  tail  was  now  seen  to  project  towards 
the  east ;  it  was  traced  to  a  distance  of  about  twice  the  length  of 
the  bright  brush. 

The  tail  appeared  to  come  from  the  northern  side  of  the  longer 
axis  of  the  comet,  and  to  consist  of  a  faint  ray  with  sides  nearly 
parallel. 

As  I  am  at  present  without  a  suitable  micrometer,  I  was  not  able 
to  take  measures  of  the  comet. 

Jan.  11,  1872.— George  Biddell  Airy,  C.B.,  President,  in  the  Chair. 

The  following  communication  was  read  : — 

"  Experiments  made  to  di'termine  Surface-conductivity  for  Heat 
in  Absolute  Measure."      By  Donald  M'Farlane. 

The  experiments  described  in  this  paper  were  made  in  the 
Physical  Laboratory  of  the  University  of  Glasgow,  under  the  direc- 
tion of  Sir  William  Thomson,  during  the  summer  of  18/1.  A  set 
of  similar  experiments  were  made  in  1865  ;  but  being  merely  prelimi- 
nary, carried  on  by  different  individuals,  and  embracing  only  a  limited 
range  of  temperatures,  it  is  thought  unnecessary  to  allude  further 
to  them  here*. 

*  These  experiments  consisted  of  two  series,  one  with  the  air  moist  bj  a  little 
water  placed  in  the  interior  of  the  vessel,  the  other  having  the  air  dried  by 
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A  copper  ball,  2  centimetres  radius,  having  a  thermo-electric  junc- 
tion at  its  centre,  was  suspended  in  the  interior  of  a  double-walled 
tin-plate  vessel  which  had  the  space  between  the  double  sides  filled 
with  water  at  the  atmospheric  temperature,  and  the  interior  coated 
with  lamp-black.  The  other  junction  was  in  metallic  contact  with 
the  outside  of  the  vessel,  and  the  circuit  was  completed  through  the 
coil  of  a  mirror  galvanometer.  One  junction  was  thus  kept  at  a  nearly 
constant  temperature  of  about  14^^  Cent.,  while  the  other  had  the  gra- 
dually diminishing  temperature  of  the  ball. 

Having  adjusted  the  galvanometer  to  the  degree  of  sensitiveness 
desired,  the  copper  ball  was  heated  in  the  flame  of  a  spirit-lamp  till 
its  temperature  was  considerably  above  that  required  to  throw  the 
spot  of  light  off  the  scale ;  it  was  then  put  into  position  in  the  inte- 
rior of  the  tin-plate  vessel,  and  as  soon  as  the  spot  of  light  came 
within  range,  the  deflections  from  the  zero  position  were  noted  at 
intervals  of  one  minute  exactly  till  the  change  of  deflection  was 
reduced  to  about  two  scale-divisions  per  minute. 

Two  series  of  experiments  were  made  in  this  way,  each  consist- 
ing of  several  sets  of  readings.  In  the  first  the  ball  had  a  bright 
surface,  and  in  the  second  it  was  coated  with  a  thin  covering  of  soot 
from  the  flame  of  a  lamp,  and  in  both  the  air  was  kept  moist  by  a 
saucer  containing  a  quantity  of  water  placed  in  the  interior  of  the 
tin-plate  vessel. 

As  the  range  of  differences  of  temperatures  of  the  junctions  ex- 
tended over  50"^  Cent.,  the  change  in  the  difference  of  thermo-electric 
qualities  of  the  copper  and  iron  wires  forming  the  junctions  was 
very  considerable,  and  it  was  necessary  to  make  a  careful  thermo- 
metric  comparison  of  the  temperatures  of  the  junctions  and  galvano- 
meter deflections.  For  this  purpose  the  junctions  were  tied  to  the 
bulbs  of  two  ])reviously  compared  thermometers,  having  their  stems 
divided  to  tenths  of  a  degree  Cent. ;  these  were  then  placed  in  two 
vessels  of  water,  one  at  the  temperature  of  the  air,  and  the  other 
heated  by  small  additions  of  hot  water,  and  kept  well  stirred  ;  simul- 
taneous readings  of  the  thermometers  and  galvanometer  deflections 
were  then  taken  at  various  points  of  the  scale*,  from  which  the 
formula 

y=0°-0924-f0°-00C0227a; 

substituting  sulphuric  acid  for  the  water  in  the  first ;  and  the  results  in  the  two 
cases  were  so  nearly  alike,  that  any  effect  due  to  the  moisture  or  dryness  of  the  air 
could  not  be  distinguished  from  errors  of  observation.  From  this  circumstance, 
as  well  as  the  limited  range  of  temperatures,  these  results  are  not  given  here. 

*  These  readings  were  plotted,  and  the  curve  drawn  through  the  points  agreed 
very  closely  with  a  portion  of  a  parabolic  curve  whose  equation  is 

y  =  2■4-|-10•6x-•019x^ 
1/  denoting  the  deflections  of  the  galvanometer,  and  x  the  difference  of  tempera- 
ture; «  is  a  maximum  when  ^'  =  770;,  =279°,  and,  the  colder  junction  having 

been  at  16°  Cent.,  we  get  295°  as  the  neutral  point  of  the  specimens  of  copper 
and  iron  wires  used — a  very  close  agreement  with  former  observations,  consider- 
ing the  great  distance  of  the  neutral  point  from  the  temperature  of  the  observations. 
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was  obtained,  where  y  is  the  value  of  a  scale-division  in  terms  of  a 
degree  Centigrade,  and  x  the  g.ilvanometer  deflection  ;  and  the  differ- 
ence of  temperature  of  the  junctions  is  therefore 

xy=0°Q^2Ax-\-Q°-00Q0227x\ 

from  which  the  numbers  in  col.  II.  of  the  following  Tables  were  cal- 
culated. 

The  method  adopted  in  reducing  the  observations  was  this  : — 
Each  single  set  of  readings  was  arranged  in  a  vertical  cohmin,  and 
the  whole  series  placed  side  by  side  with  corresponding  numbers  in 
the  same  horizontal  line  ;  the  means  of  the  horizontal  lines  were 
formed  into  a  similar  column,  and  divided  into  groups,  each  consist- 
ing of  four  consecutive  numbers,  and  the  means  of  these  groups 
form  the  numbers  in  col.  I.  of  the  Tables. 

Col.  II.  contains  the  differences  of  the  temperatures  of  the  junc- 
tions at  intervals  of  four  minutes,  corresponding  to  the  mean  deflec- 
tions in  col.  I. 

Col.  III.  contains  the  common  logarithms  of  the  numbers  in  col.-II. 

Col.  IV.  contains  the  diiferences  of  the  successive  numbers  in  col. 
III.  divided  by  4. 

Col.  V.  is  formed  from  col.  IV.,  by  multiplying  by  the  Napierian 
logarithm  of  10,  and  is  the  rate  at  which  the  difference  of  tem- 
perature varies  per  minute. 

Col.  VI.  shows  the  quantity  of  heat  emitted  from  the  ball  in 
gramme-water  units  per  square  centimetre  per  second  per  degree  of 
difference  of  temperatures,  and  is  formed  by  multiplying  the  numbers 
in  col.  V.  by  009385*,  a  constant  depending  on  the  surface  of  the 
ball  and  its  capacity  for  heat. 

The  numbers  found  in  cols.  VI.  andVII.  were  plotted  on  squared 
paper,  and  a  mean  curve  drawn  through  the  points;  and,  assuming 
the  quantity  of  heat  emitted  to  be  represented  by  the  formula  x=a 
-^bt-\-ct'',  where  t  is  the  difference  of  temperature,  the  coordinates 
of  the  curve  were  employed  to  determine  a,  b,  and  c  ;  and  col.  VIII., 
calculated  by  the  formula,  is  added  to  show  the  degree  of  approxi- 
mation to  which  the  results  of  the  experiment  are  represented  by  it. 

*  The  surface  of  the  ball  was  bi)2Cy  sq.  centimetres,  and  its  capacity  for  heat 
28-31  granniic-water  units.  Let  j- denote  tlie  heat  emitted  per  second,  per  sij. 
centimetre  per  degree  of  difference  of  temperature,  and  C  the  rate  at  which  the 
difference  of  temperature  varies  per  minute  ;  then 

XX  00x50-26 
28-31        -^' 
and  therefore 

j:=-00'.>385C. 
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First  Series. 

Atmosphere  moist.     Copper  Ball  polished  bright. 

Means  of  nine  sets  of  Observations. 
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I. 

II. 

III. 

Mean 

Difference 

deflections 

of 

]f  nine  sets 

tempera- 

loBio D- 

of  observa- 

ture, 

tions. 

D. 

62719 

66-88 

-82527 

676-28 

60-79 

-78380 

628-82 

55-21 

•74200 

484-50 

50-10 

-69981 

444-14 

45-51 

-65815 

40715 

41-38 

-61681 

373-37 

37-64 

-57570 

34226 

34-28 

-53509 

313-64 

31-21 

•49429 

287-89 

28-48 

-45459 

264-42 

26-02 

•41529 

243-58 

23-85 

•37756 

223-96 

21  -83 

-33907 

206-15 

20-01 

-30127 

190^20 

18-39 

-26467 

175-57 

16-92 

-22845 

161-99 

15-.56 

•19207 

149-51 

14-32 

•16603 

logioD'-logipD" 
4 


•01037 
-01045 
•01055 
-01041 
-010.33 
•01028 
•OK  115 
•01020 
•0fj;)92 
•0()',IS2 
■0(i'.)4;'> 
•oni)(;2 
-0(1945 
-0(J915 

•on;  105 

-( )()'.)( 19 
•00901 


log^  U'-log^  D" 


•02387 
•02406 
•02429 
•02.396 
■02378 
•02.366 
-02.337 
-02348 
-02-J84 
•02261 
•02171 
-02215 
-(12175 
-021(16 
-( I2(  IS,-} 
-020'.  13 
-02074 


VI, 

Heat  emitted 
per  second 
by  observa- 
tion. 


•000223 
•000226 
-0(H)227 
-0(X)225 
•0(K)223 
-0(M)222 
-000219 
•000220 
•000214 
•000212 
•0(X>204 
-000208 
■000204 
-00011)8 
•000195 
-000196 
-000195 


VII. 
Mean  difference 

of  tempera- 
ture, 

i[I)'-D"], 
«). 


63-83 
.58-00 
.52-65 
47-81 
43-45 
39-51 
35-96 
32-75 
29-85 
27-25 
24-94 
22-84 
20  ■'.•2 
19-20 
17-62 
16-24 
14-94 


Formula  for  calculating  column  VIII. : — 

0^= -000168 -fO0O0U198^--00OO00017^^ 

Second  Series. 

Atmosphere  moist.     Copper  Ball  blackened. 

Ten  sets  of  Observations. 


I. 

Mean 
deflections 
of  ten  sets 
if  observa- 
tions. 

II. 

Difference 

of 
tempera- 
ture, 

V. 

III. 

logioD. 

IV. 

logioD'-logioD" 
4 

V. 
log^D'-log^D" 

VI. 

Heat  emitted 
per  second 
by  observa- 
tion. 

VII. 
Mean  difference 
of  tempera- 
ture, 

i[D'-D"], 
(0- 

VIII. 
Heat  emi 
per  seco 

4 

c. 

formul 

631-85 
558-46 
492-92 
435-27 
3S4-29 
339-49 
.300-20 
266-11 
236-12 
2(l'.)-65 
186^59 
166-14 
148-16 
132-46 
118-29 
105-97 
94-79 
84-59 

67-44 
58-68 
51-06 
44-.52 
38-S6 
33-98 
29-78 
26-20 
23-08 
20-.37 
18^03 
15-98 
14-19 
12-64 
11-26 
10-04 
8-96 
7-98 

•82893 
•76849 
•70808 
•64856 
-58950 
-53122 
-47392 
-41830 
-36324 
-30899 
-25600 
-20358 
-15198 
-10165 
-05104 
•00186 
-95240 
-90195 

-01511 
-01510 
•01488 
•01476 
•01460 
•014.33 
•01391 
•01377 
-01358 
•01325 
-01311 
-01290 
•01258 
•01265 
•01230 
•01236 
-01261 

-03478 
-03477 
■0:5426 
•03.399 
-03362 

■o;!.".oo 

•o;!202 
■03170 
■03120 
-03050 
■03018 
•02970 
■02896 
•02902 
•02832 
•02846 
-02903 

-000326 
•000326 
-000322 
•000319 
-000315 
•(MM)310 
•(XK).30l 
•0(W)297 
•0lK)293 
•000286 
•000283 
•000279 
•000272 
•000272 
•000266 
•000267 
•000272 

6306 
54^87 
4779 
4169 
36^42 
31-88 
27-99 
24-64 
21-72 
19-20 
17-(H) 
15-09 
13^41 
11-94 
10-70 
9-50 
8-47 

-00031 
•00031 
-00031 
•00031 
•aK)31 
•0(X)31 
•tMXl3C 
•0002f 
•tXX>2C 
•0002& 
•0002^ 

•ax)2i 

•CKX)27 
•0tK)2? 
•0002f 
•00026 
•00026 
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Formula  for  calculating  column  VIII. : — 

a;=  •000238  + -00000306^ -•000000026^'. 

The  following  Table  gives  the  results  calculated  by  the  formula 
for  every  fifth  degree  within  the  limits  of  the  experiments  :  — 


Difference 

of 

temperature. 

Heat  emitted. 

Ratio  of 

emissive 

power 

of  polished  to 

that  of 

blackened 

surface. 

Polished 
surface. 

Blackened 
surface. 

5 
10 
15 
20 
25 

30 
35 
40 
45 
50 
55 
60 

•000178 
•000186 
•0(X)1'.)3 
•000201 
•000207 
•000212 
•000217 
•000220 
•000223 
•000225 
•000226 
•000226 

•000252 
•(XK)266 
•0(X)279 
•000289 
•000298 
•000306 
•000313 
•000319 
•000323 
•000326 
•000328 
•000328 

•707 
•699 
•692 
•695 
•694 
•693 
•693 
•093 
•690 
•690 
•(590 
■690 
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ON  CALCULATING-MACHINES.       BY  THOMAS  T.  P.   BRUCE  WARREN. 

TF  we  review  the  history  and  fate  of  the  numerous  contrivances 
-*-  which  have  from  time  to  time  been  proposed  for  economizing 
mental  labour  in  calculating,  we  cannot  be  surprised  on  finding  that 
such  contrivances,  however  perfect,  should  be  suspiciously  regarded, 
and  that  their  adoption  should  be  somewhat  slow. 

The  abacus,  which  is  supposed  to  be  the  invention  of  Pythagoras, 
is  probably  the  earliest  recorded  contrivance  for  calculating  ;  and, 
with  a  trifling  modification,  the  llomans  are  found  to  have  adopted 
it.  The  schwan-pan  of  the  Chinese  may  probably  claim  a  greater 
antiquity  than  either  the  Grecian  or  Roman  abacus. 

The  invention  of  logarithms  by  Napier  j)roved  an  inestimable  boon 
to  computers.  Analogous  to  Napier's  rods  are  the  different  forms  of 
sliding-rules  now  in  use. 

Pascal's  machine,  although  deficient  in  speed  and  accuracy,  is  said 
to  contain  the  germ  which  has  characterized  all  the  later  machines 
of  the  same  class,  namely  those  which  give  their  results  by  the 
purely  mechanical  action  of  geared  wheels,  levers,  or  friction-rollers. 
During  the  seventeenth  and  eighteenth  centuries  we  find  the 
names  of  Leil)nitz,  Grillet,  and  Sir  Samuel  Morcland  amongst 
others  who  directed  their  attention  to  the  production  of  calculating 
machines,  which  either  obviated  some  of  the  disadvantages  in  the 
machine  of  Pascal,  or  possessed  new  features  in  their  application  to 
special  operations. 


Intelligence  and  Miscellaneous  Articles.  397 

The  inventions  of  Mr.  Babbage  may  be  regarded  rather  as  stu- 
pendous exercises  of  ingenuity  than  of  ordinary  practical  utiUty. 

The  Swiss  machine  of  Schultz,  which  is  regarded  as  a  completed 
idea  of  Mr.  Babbage's  original  plan,  lias  the  disadvantages  of  great 
costliness  and  requiring  skilled  mechanical  manipulation. 

The  arithmometer  of  M.  Thomas  de  Colmar,  with  the  exception 
of  being  extensively  used  by  actuaries,  is  comparatively  unknown, 
although  its  first  appearance  dates  nearly  forty  years  back. 

The  machine  of  M.  Maurel,  another  French  invention,  appears  to 
have  existed  only  to  share  the  fate  of  these  machines  generally. 
The  invention  of  Staffel  was  tolerably  near  perfection  in  the  rapidity 
with  which  it  was  capable  of  performing  arithmetical  operations. 

Roth's  automaton  calculator  was  introduced  about  the  year  1845; 
and  no  doubt,  being  a  slight  modification  of  the  machines  already 
noticed,  it  was  capable  of  performing  the  same  operations.  M.  Slo- 
vinski  in  18-49  introduced  to  the  notice  of  the  British  Association  a 
calculating-machine  which  was  said  to  be  perfect  and  reliable  in  its 
action. 

Sang's  platometer  was,  I  believe,  devised  entirely  for  actuarial 
purposes,  but  has  fallen  into  disuse  from  the  uncertainty  of  its 
rolling  and  sliding  motion. 

With  the  exception  of  the  arithmometer  of  Thomas  de  Colmar,  I 
am  not  aware  of  any  important  application  being  made  of  these 
machines.  It  combines  all  that  can  be  desired  by  the  general  com- 
puter ;  and  the  object  of  the  author  is  to  point  out  the  fact  that  very 
material  assistance  may  be  expected  from  it  in  almost  any  calcula- 
tion in  applied  mathematics.  In  a  paper  which  was  read  before  the 
Society  of  Telegraph  Engineers,  it  was  shown  by  the  author  that 
electrical  Tables  involving  complicated  calculations  were  capable  of 
being  worked  out  by  it  with  astonishing  rapidity. 

As  a  matter  of  course,  calculating-machines  designed  to  combine 
the  desiderata  of  portability  and  cheapness  must  be  contracted  in 
their  range  of  performance  ;  and  consequently  it  devolves  upon  the 
ingenuity  of  the  computer  to  bring  his  formula  within  the  range  of 
the  machine. 

A  machine  which  can  be  depended  upon  for  performing  accurately 
the  addition  or  subtraction  of  constant  or  variable  quantities  can  be 
made  to  include  the  solution  of  problems  where  several  intermediate 
results  are  required.  Where  only  one  result  is  required,  machine 
assistance  cannot  be  thought  of ;  but  when  it  is  desired  to  tabulate 
a  series  of  results,  the  time  spent  on  arriving  at  a  general  solution 
so  as  to  be  presentable  to  the  machine  is  compensated  for  in  the 
relief  of  mental  strain  and  the  certainty  of  its  accuracy. 

The  machine  appears  to  be  capable  of  giving  assistance  in  the 
calculations  which  are  involved  in  almost  any  branch  of  physical  or 
applied  science,  such  as  the  compilation  of  Tables  of  the  expansion 
of  liquids  and  gases  by  heat,  the  rarefaction  and  condensation  of 
gases,  specific  heat  and  latent  heat  of  bodies  referred  to  volume 
under  variable  pressures,  difl:'usion-tables,  volumetric  calculations, 
meteorological  reductions,  and  so  on. 
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General  Hannyngton  has  shown  that  the  machine  of  De  Colraar  can 
be  emj)loyed  in  the  construction  of  astronomical  and  nautical  Tables- 
Looking  at  the  fact  that  calculating  machines  have  been  long  felt 
to  be  a  det^ideratum,  and  the  barren  results  wliich  have  unfortunately 
followed  the  labours  of  most  of  the  ingenious  pioneers  in  the 
achievement  of  their  perfection,  I  cannot  help  thinking  either  that 
sufficient  confidence  cannot  be  obtained  in  favour  of  machine-calcu- 
lation, or  that  they  are  not  placed  before  us  with  the  recommendations 
they  deserve. 

Tamworth  House, 
Mitcham  Common. 


ON  A  NEW  METHOD  OF  MEASURING  THE  VELOCITY  OF  ROTATION. 
BY  PROF.  A.  E.   DOLBEAR. 

While  experimenting  with  the  gyroscope,  I  have  often  wished  to 
know  its  velocity,  but  knew  of  no  way  to  determine  it  when  it  was 
set  in  motion  in  the  usual  way  with  a  string.  I  have  lately  found  a 
simple  and  exact  way  of  doing  this  ;  and  a  description  of  the  plan 
may  be  of  interest  to  others,  as  it  can  be  used  to  measure  the  velo- 
city of  wheels  of  every  size  and  every  possible  speed  without  incon- 
venience and  without  expense. 

If  a  short  piece  of  wire  be  soldered  to  the  end  of  one  branch  of  a 
common  tuning-fork,  one  end  of  the  wire  ])rojecting  a  little  on  one 
side,  and  the  fork  made  to  vibrate  at  the  same  time  that  the  point  of 
the  wire  is  drawn  over  a  piece  of  smoked  glass,  an  undulating  line 
is  made  ;  and  if  the  rate  of  vibration  of  the  fork  is  known,  the  velo- 
city of  the  moving  hand  can  be  found  by  counting  the  number  of 
undulations  in  an  inch  on  the  glass.  This  has  been  used  to  deter- 
mine linear  velocity ;  but  it  can  also  be  api)lied  to  rotary  with  great 
precision.  I  have  a  large  fork  with  branches  8  inches  in  length  that 
vibrates  171  times  in  a  second  as  determined  by  a  resonant  tube  ;  it 
has  copper  wire  fastened  to  one  branch  and  j)rojecting  about  one- 
fourth  of  an  inch, — made  for  showing  to  a  class  the  waving  line 
upon  smoked  glass.  A  brass  disk,  4  inches  in  diameter,  mounted 
gyroscopically,  was  smoked  ui)on  one  side  and  set  revolving  by 
a  string.  The  vibrating  fork  was  then  brought  to  it  in  such  a 
manner  that  its  vibrations  were  along  the  rixdius  of  the  disk,  but  as 
soon  as  it  touched  it  bounded  away,  and  nothing  could  be  deter- 
mined with  it.  A  cone  of  india-rubber,  about  a  quarter  of  an  inch 
in  height,  was  then  fastened  with  sealing-wax  near  one  end  of  the 
branch,  and  this  tried  as  before,  with  entirely  satisfactory  results,  the 
markings  being  well  defined  and  unmistakable. 

When  the  number  of  vibrations  the  fork  makes  a  second  is  known 
and  the  number  of  undulations  made  once  round  the  disk,  the  former 
number  divided  by  the  latter  will  give  the  rate  jjcr  second  of  velocity. 
Thus,  if  the  fork  made  lUO  vibrations  in  a  second  and  the  disk  turned 
round  but  once  in  the  same  time,  it  is  evident  that  there  would  he 
a  hundred  undulutions  on  it ;  and  if  the  dii^k  turned  fifty  times 
a  second,  there  would  be  but  two  undulations  for  each  revolution. 
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In  any  case,  if  a  equals  the  number  of  vibrations  per  second  of  the 
fork,  and  b  equals  the  observed  number  of  undulations  in  a  single 

turn  of  the  disk,  then  V=— . 
6 

A  single  wave,  or  even  half  of  one,  is  sufficient  for  determination 

if  the  length  be  measured  in  degrees,  in  which  case  if  d=  the  length 

of  one  wave,  in  degrees,  the  formula  will  stand  V=  i^wr^'     If  the  ro- 

tation  be  very  rapid,  the  quickest  possible  touch  is  needed,  or  the 
undulations  will  return  and  confuse  each  other  ;  but  this  is  not 
troublesome  at  any  speed  I  have  been  able  to  obtain,  which  is  in  the 
neighbourhood  of  90  per  second. 

1  have  found  that  a  common  pocket  tuning-fork,  either  an  A  or  a 
C,  answers  very  nicely  with  one  of  india-rubber  fastened  as  before. 
So  far  as  I  now  know,  the  swiftest  motion  that  has  been  given  to  a 
disk  was  that  in  Foucault's  apparatus  for  showing  the  motion  of  the 
earth,  which  he  estimated  at  from  150  to  200  revolutions  per  second. 
Such  a  velocity  would  be  recorded  by  from  two  to  three  undulations 
of  a  C  fork,  making  512  vibrations  per  second.  If  it  would  not  be 
best  to  smoke  the  disk,  a  piece  of  white  paper  can  bu  pasted  upon  it 
and  smoked  without  burning  ;  and  it  answers  every  purpose.  To  the 
certainty  and  ease  of  this  method  may  be  added  another  advantage, 
that  the  slightest  touch  needed  for  this  cannot  sensibly  retard  the 
motion  of  tlie  disk,  as  any  mechanical  fixture  attached  for  such  a 
purpose  must  do. — Silliman's  American  Journal  for  April  1872. 


PRELIMINARY  NOTE  ON  A  REMARKABLE  FACT  OBSERVED  ON  THE 
CONTACT  OF   CERTAIN  LIQUIDS  OF  VERY  DIFFERENT   SUPERFI- 
CIAL TENSIONS.       BY  G.  VAN  DER  MENSBRUGGHE. 
Whenever  a  liquid  vf  strong  superjicial  tension,  containing  gases  in 
solution,  is  brought  into  contact  with  a  liquid  of  feeble  tension,  there  is 
a  more  or  less  pronounced  disengagement  of  the  gases  dissolved  in  the 
former  liquid. 

This  principle,  which  I  publish  now  to  secure  date,  intending, 
however,  to  verify  it  in  detail  in  a  special  memoir,  can  be  demon- 
strated by  a  great  number  of  experiments.  Provisionally  I  will  only 
mention  a  few. 

I.  When  a  drop  of  alcohol  or  ether  is  introduced  into  distilled 
water  half  filling  a  phial  of  3  or  4  centims.  diameter  and  the  liquid 
agitated,  a  brisk  effervescence  ensues.  This  experiment  was  long 
since  described  by  M.  Duprez*,  but  without  explanation.  It  is  im- 
possible to  attribute  the  effervescence  to  air  introduced  by  the  agita- 
tion, since  neither  alcohol  or  ether  alone  nor  water  alone  gives  in 
this  respect  any  marked  result. 

The  experiment  succeeds  equally  well  with  benzole,  sulphide  of 
carbon,  creosote,  oil  of  turpentine,  olive,  lavender,  linseed,  or  colza 
oil,  petroleum,  oil  of  sweet  almonds,  &c.  One  has  even  merely  to 
agitate  distilled  water,  after  having  immersed  in  it  a  glass  rod  bear- 

*  Bull,  de  I' Acad  Hoy  ale  de  Beh/ique,  1838,  ser.  1.  vol.  v.  p.  402. 
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ing  traces  of  any  fatty  substance  whatever,  to  see  a  distinct  produc- 
tion of  minute  gas-bubbles. 

If  the  phial  containing  the  distilled  water  is  not  perfectly  cleared 
of  ever)'  fatty  or  etherial  matter,  numerous  gas-bubbles  soon  form  at 
the  parts  of  the  inner  surface  to  which  that  matter  is  attached. 

II.  A  drop  of  oil  spreading  on  the  surface  of  distilled  water  pro- 
duces a  disengagement  of  little  gas-bubbles  readily  observed  with  a 
microscope  ;  this  disengagement  I  believe  to  be  the  true  cause  of  the 
formation  of  what  Mr.  Tomlinson  terms  cohesion-figures — that  is  to 
say,  of  the  division  of  the  spread  film  into  an  infinity  of  parts  con- 
stituting at  first  a  sort  of  network,  and  decomposing,  little  by  little, 
into  lenticles  of  less  and  less  dimensions,  until,  the  gaseous  disen- 
gagement ceasing,  the  minute  lenticles  remain  indefinitely.  With 
the  microscope  I  was  able  to  follow  all  the  phases  of  the  phenomenon, 
evidently  due  to  innumerable  minute  gas-bubbles  disengaged  beneath 
the  films. 

The  experiment  can  be  made  with  any  of  the  oils,  fixed  or  volatile, 
with  sulj)hide  of  carbon,  wood-spirit,  &c. 

When  any  oil  whatever  is  kept  in  prolonged  contact  with  water, 
the  surface  of  separation  of  the  two  liquids  soon  loses  its  transpa- 
rency. This  fact,  so  well  known,  is  explained  by  the  disengagement 
of  minute  gas-bubbles,  which  more  or  less  resinify  the  oil  and  unfit 
it  for  transmitting  light. 

III.  It  was  long  since  observed  that  water  commences  ebullition 
with  more  difficulty  the  better  it  is  freed  from  the  gases  it  holds  in 
solution.  What  j)recedes  enables  us  to  foresee  that  by  mixing  dis- 
tilled water  with  alcohol  a  great  quantity  of  the  dissolved  gases  can 
be  expelled.  This,  in  fact,  is  confirmed  by  an  experiment  recently 
made  by  M.  Kremers  :  having  added  one  part  of  spirit  of  wine  to 
three  parts  of  water  and  strongly  heated,  he  saw  the  boiling-point 
readily  rise  to  109°  C,  and  even  far  beyond,  according  to  the  pro- 
portion of  the  volatile  liquid  evaporated.  L  regard  this  experiment 
as  a  very  curious  verification  of  my  princijjle. 

Liquids  of  feeble  tension  favour  the  disengagement  of  bubbles 
of  vapour  as  well  as  of  gas ;  this  is  demonstrated  by  the  striking 
experiments  of  Mr.  Tomlinson.  He  has  observed  that  greasy  bodies 
prevent  "  soubrcsavts,"  while  solid  bodies  perfectly  free  from  grease 
do  not  at  all  produce  the  same  eflFect. 

IV.  It  is  known  that  the  Brownian  or  molecular  movements  are 
produced  most  energetically  in  a  mixture  of  distilled  water  and  any 
volatile  liquid  :  in  this  case  the  movements  apj)ear  to  me  to  be  a  very 
.plain  consequence  of  my  general  proposition.     As  to  their  existence 

in  a  homogeneous  liquid,  w'e  require  to  know  whether  the  microscopic 
particles  whose  feeble  trej)idations  have  been  seen  were  not  more  or 
less  greasy  ;  in  lliat  case  they  would  necessarily  give  rise  to  a  gaseous 
discharge,  and  consequently  change  their  ])osition  from  time  to  time. 
If  the  corpuscles  are  absolutely  pure,  they  cannot  manifest  the  little 
movements  in  question  ;  moreover  several  observers  have  never  been 
able  to  verify  the  Brownian  dis])lacements  in  a  homogeneous  liquid. 
— Bull,  de  I' Acad.  Roy.  de  Belgique,  S.  2.  vol,  xxiii.  No.  3  :    1872. 
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LI.  A  new  discussion  of  the  Hydrodynamical  Theory  of  Mag- 
netism.    By  Professor  Challis,  M.A.,  LL.D.,  F.R.S.^ 

A  THEORY  of  Magnetism  founded  on  propositions  in  Hy- 
drodynamics was  originally  proposed  by  me  in  the  Num- 
bers of  the  Philosophical  IMagazine  for  January  and  February 
1861.  The  same  theory,  considerably  modified,  is  given  in  my 
Avork  '  On  the  Principles  of  JMathematics  and  Physics;'  and  the 
Number  of  the  Philosophical  Magazine  for  July  1869  contains 
an  article  the  purpose  of  which  is  to  make  the  mathematical  part 
of  the  theory  more  complete.  In  the  present  communication  I 
propose  to  discuss  anew  the  principles  on  which  magnetic  phe- 
nomena are  explained  according  to  this  theory,  with  the  view  of 
correcting  or  extending  the  results  previously  obtained.  The 
discussion  will  necessarily  involve  to  a  considerable  extent  the 
hydrodynamical  theory  o'i  galvanic  currents. 

1.  I  assume,  as  I  have  already  done,  (1)  that  all  the  active 
forces  in  nature  arc  different  modes  of  pressure,  under  different 
circumstances,  of  a  universal  elastic  tether,  which  may  be  mathe- 
matically treated  as  a  continuous  substance  pressing  always  pro- 
portionally to  its  density ;  (.2)  that  all  visible  and  tangible  bodies 
consist  of  inert  spherical  atoms  of  constant  magnitude,  held, 
when  undisturbed,  in  positions  of  equilibrium  by  attractive  and 
repulsive  forces,  the  laws  of  which  result  both  from  the  active 
pressure  of  the  rcther  and  the  passive  resistance  of  the  atoms  due 
to  the  constancy  of  their  form  and  magnitude.  The  sether  at 
rest  is  accordingly  assumed  to  be  everywhere  of  the  same  den- 

*  Comuuuiicateil  by  the  Author. 
Phil  Mag,  S.  4.  Vol.  43.  No.  388.  June  1872.  2  D 
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sity ;  and  it  is,  further,  supposed  that  the  atoms  are  so  small 
that  even  in  dense  bodies  the  space  which  they  occupy  is  very 
small  compared  with  the  intervening  spaces. 

3.  In  general,  when  the  atoms  of  any  substance  are  in  posi- 
tions of  stable  equilibrium,  the  attractive  forces  acting  on  any 
atom  in  the  direction  of  any  straight  line  drawn  through  its 
centre  will  just  counteract  each  other;  and  the  same  will  be  the 
case  with  respect  to  the  repulsive  forces.  But  it  is  also  con- 
ceivable that  the  equilibrium  of  the  atom  may  be  maintained  by 
the  mutual  counteraction  of  attractive  and  repulsive  forces.  For 
instance,  let  the  substance  be  a  long  rectangular  bar  of  steel, 
slightly  increasing  in  density  by  regular  gradations  from  one 
end  to  the  other,  and  of  uniform  density  in  any  transverse  sec- 
tion. Then  the  direction  of  the  resultant  of  the  molecular 
attractive  forces  will  be  parallel  to  the  length  of  the  bar,  as  well 
as  that  of  the  resultant  of  the  atomic  repulsive  forces ;  and  it  is 
therefore  supposable  that  by  the  former  any  atom  may  be  as 
much  attracted  towards  the  denser  end  as  by  the  latter  it  is  re- 
pelled towards  the  rarer  end.  This,  in  fact,  is  assumed  in  the 
present  theory  to  be  the  case  in  a  perm.anently  magnetized  bar 
of  steel,  the  gradation  of  density  being  conceived  to  be  originally 
generated  by  the  usual  processes  of  magnetization,  and  to  be 
maintained  exclusively  by  the  proper  atomic  and  molecular 
forces  of  the  steel.  In  soft  iron  a  like  gradation  of  density, 
produced  by  the  action  of  an  extraneous  magnet,  or  that  of  a 
galvanic  current,  continues  only  so  long  as  the  action  lasts.  In 
diamagnctic  substances,  such  as  bismuth,  gradation  of  density 
is  similarly  produced  and  maintained  by  the  action  of  a  magnet, 
but  the  direction  in  which  the  density  increases  is  opposite  to 
that  in  soft  iron  under  analogous  circumstances.  Also  the  ap- 
plication of  heat  under  certain  conditions  gives  rise  to  magnetic 
or  galvanic  phenomena,  which,  according  to  this  theory,  are  re- 
ferable to  the  production  of  gradations  of  atomic  density  by  the 
dynamical  action  of  the  heat. 

3.  In  all  cases  of  the  existence  of  such  gradation  of  density, 
it  can  be  shown  on  the  above-stated  hypotheses,  by  reasoning 
which  will  be  presently  indicated,  that  motions  cither  of  the 
Ecther  within  the  body,  or  of  the  body  relative  to  the  rcther,  have 
the  effect  of  producing  accelerations  of  the  tether.  The  secondary 
currents  thus  generated  are  considered  to  be  the  immediate  cause 
of  magnetic  or  galvanic  attractions  and  repulsions.  Also,  in  the 
Theory  of  Frictional  Electricity  which  I  proposed  in  the  Philo- 
sophical  Magazine  for  October  1860,  electrical  attractions  and 
repulsions  are  accounted  for  in  the  same  manner.  Hence  as  the 
generation  of  secondary  streams  under  the  above-stated  condi- 
tions is  a  fundamental  proposition  in  the  hydrodynamical  theories 
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of  these  three  physical  forces,  I  shall  now  endeavour  to  give  as 
exact  a  proof  of  it  as  may  be  possible.  The  mathematical  rea- 
soning relating  thereto  under  the  head  of  the  Theory  of  Electric 
Force  in  pages  545-547  of  my  work  '  On  the  Principles  of 
Physics '  is  incomplete  and  inaccurate. 

4.  Suppose  a  current  of  the  aether  to  traverse  a  substance  con- 
sisting of  atoms  so  arranged  that  their  number  in  a  given  space 
increases  regularly,  but  by  very  small  gradations,  in  a  given  di- 
rection, and  conceive  the  whole  of  the  space  occupied  by  atoms 
to  be  very  small  compared  with  the  intervening  space.  AlsO;  the 
motion  being  (at  first)  assumed  to  be  steady,  let  V  be  tlie  ave- 
rage velocity,  and  p  the  average  density  of  the  sether  at  a  certain 
position  A,  and  let  B  be  another  position  distant  by  hz  from  A 
in  the  direction  in  which  the  atomic  density  increases.  Then  if 
D  be  the  proportion  of  the  space  occupied  by  atoms  to  the  whole 
of  the  given  space,  or,  as  it  may  be  called,  the  contraction  of 
channel,  the  quantity  of  fluid  which  passes  a  unit  of  area  at  A 
in  the  unit  of  time  is  Vp(l  — D).  13ut  it  has  beu:n  proved  (see 
Phil.  Mag.  for  June  1864,  p.  458)  that  when  a  stream  is  inci- 
dent on  a  small  sphere,  the  mean  flow  in  the  original  direction 
is  not  altered  by  the  disturbance  of  the  lines  of  motion  caused 
by  the  reaction  of  the  sphere;  and  the  same  is  the  case  if  there 
be  many  such  spheres,  provided  the  contraction  of  channel  they 
produce  is  very  small.  Hence,  supposing  the  initial  generation 
of  the  stream  to  have  been  such  that  the  same  quantity  of  fluid 
was  made  to  pass  each  element  of  a  given  transvex'se  section  in  a 
given  small  interval,  according  to  the  above  reasoning  this  con- 
dition M'ill  be  fulfilled  at  any  subsequent  epoch  at  each  transverse 
section,  notwithstanding  the  presence  of  the  atoms ;  so  that  the 
quantity  of  fluid  which  passes  through  an  elementary  space  at 
B  will  be  the  same  in  the  same  interval  as  that  which  passes 
through  an  equal  space  at  A.     Consequently 

g.Vp(l-D)_ 

Zz 

Hence,  passing  from  small  difi'erences  to  difi'erentials,  the  rea- 
soning being  independent  of  the  magnitude  of  hz,  we  have 

dp        d\y         dY  _  ,. 

pdz      {l-V>)dz^Yd.-^ ^""1 

Now,  the  motion  being  steady,  the  fluid  unlimited  in  extent,  and 

no  extraneous  force  acting,  if  p^  be  the  value  of  p  where  V  =  0, 

_Yi 
the  equation  p^PqB'  ■^'^'^  is  applicable  at  all  points,  even  when  the 

efiect  of  the  reaction  of  the  atoms  is  taken  into  account.     Con- 

2D2 
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soqncntly,  Ijy  cmi)loying  tliis  equation  to  eliminate  7;;  fi'om  («), 
it  will  be  found  tiuit 

The  force  on  the  left-hand  side  of  this  equation,  which  is  entirely 

due  to  the  gradation  of  atomic  density  expressed  by  —r-,  takes 

CiFect  in  producing  the  streams  I  have  called  secondary,  and  the 
reasoning  shows  that  the  intensity  of  such  streams  is  indepen- 
dent of  the  direction  of  the  primary  current.  (See  the  Theory 
of  Electricity  in  the  Philosophical  Magazine  for  October  18G0, 
art.  18). 

5.  In  the  applications  of  the  above  views  respecting  the  gene- 
ration of  secondary  streams  to  the  Theories  of  Electricity,  Gal- 
vanism, and  ]\Iagnetism,  I  have  assumed  (Principles  of  Physics, 
pj).  547  &  5i8)  that  the  jjrimarij  stream,  the  velocity  of  which 
is  V,  might  be  one  which  relatively  passes  through  all  terrestrial 
substances  in  consequence  of  the  earth^s  motion  about  the  sun, 
and  that  two  other  primary  streams  would  similarly  be  due  to 
the  earth's  rotation  about  its  axis,  and  the  motion  of  the  solar 
system  in  space.  It  was  also  argued  that  the  resulting  secondary 
stream  would  be  the  sum  of  those  which  the  three  primaries, 
supposed  to  be  steady  motions^  would  produce  separately,  and 
that  it  would  consequently  be  quam  jiroxime  steady. 

But  it  has  since  appeared  to  me  that  this  argument  cannot  be 
maintained,  and  that  the  generation  of  the  secondary  stream 
must  be  ascribed  to  the  resultant  at  each  instant  of  the  three 
primary  velocities.  Since  there  is  reason  to  conclude  that  the 
motion  of  the  solar  system  is  comparable  "with  the  earth's  orbital 
motion,  that  resultant  would  be  subject  to  large  variations,  to 
which  there  is  nothing  corresponding  in  the  observed  intensity 
of  magnetism.  Hence  the  movements  of  the  earth  fail  to  ac- 
count for  the  primary  velocity  of  the  theory. 

6.  The  formula  (6)  shows  that  the  force  which  generates  the 
secondary  streams  varies  as  the  square  of  the  primary  velocity  V, 

since  the  factor—; — ,,,  .  may  be  considered  to  be  constant.  Now, 
(1 — ijjdz      '' 

since  no  observed  magnetic  variations  are  attributable  to  varia- 
tions of  the  jn-imary  velocity  such  as  those  which  the  composi- 
tion of  the  earth's  velocity  with  that  of  the  solar  system  might 
be  supposed  to  produce,  a  fortiori  the  much  smaller  variations 
of  the  t  arth's  velocity  in  its  orbit  can  have  no  pcrcej)tible  effect. 
Tiiis  inference  agrees  with  a  conclusion  drawn  by  the  Astronomer 
Royal  from  discussions  of  the  Greenwich  Magnetical  Observa- 
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tions  made  in  1848-1857,  and  in  1858-1863.  In  the  volume  for 
1867,  p.  ccxiv,  he  says,  "We  are  justified  in  stating  that  there 
is  no  certain  evidence  for  Annual  Inequality."  The  same  result 
is  arrived  at  with  respect  to  the  Horizontal  Force.  The  annual 
inequalities  deduced  from  the  theory  in  '  The  Principles  of  Phy- 
sics^ (pp.  657-660)  were  obtained  by  em])loying  the. argument 
which  is  shown  above  to  be  untenable. 

It  is  true,  however,  that  General  Sir  E.  Sabine  has  deduced 
very  small  annual  inequalities  of  Dip,  Total  Force,  and  Declina- 
tion by  discussions  of  observations  taken  at  Kew,  Toronto,  Ho- 
barton,  St.  Helena,  and  the  Cape  of  Good  Hope  (see  Phil.  Trans, 
for  1863,  p.  307).  But  it  is  possible  that  these  may  be  due  to 
a  cause,  distinct  from  the  earth's  motions,  which  is  adverted  to 
in  art.  36  of  the  communication  on  magnetic  force  in  the  Philo- 
sophical Magazine  for  February  1861,  and  will  be  more  fully 
treated  of  in  the  sequel  of  the  present  communication. 

7.  It  remains,  therefore,  to  determine  by  what  means  the 
streams  to  which  the  theory  ascribes  the  magnetism  of  a  steel 
magnet  are  generated,  the  magnet  being  either  a  straight  bar  or 
in  the  form  of  a  horseshoe.  This  question  I  shall  endeavour  to 
answer  by  taking  account  of  the  theories  of  atomic  repulsion  and 
molecular  attraction  proposed  in  the  Numbers  of  the  Philoso- 
phical Magazine  for  March  and  November  1859  and  February 
1860,  and  in  'The  Principles  of  Physics'  (pp.  459-464).  For 
this  purpose  the  following  general  hydrodynamical  theorem, 
which,  as  far  as  I  am  aware,  has  not  hitherto  been  recognized, 
will  be  made  use  of : — Whenever  the  lines  of  motion  in  a  given 
fluid  element  are  normals  to  a  continuous  surface,  so  that  the 
element  is  changing  form  by  reason  of  the  motion,  the  function 
udx  +  vdy -\- tvch  is  an  exact  differential.  In  proof  of  this  theo- 
rem it  seems  sufficient  to  say  that  the  change  of  form  of  a  given 
element  in  consequence  of  convergency  or  divergency  of  the 
lines  of  motion  is  a  distinctive  property  of  a  fluid,  whereby  its 
motion  is  separated  from  that  of  a  solid,  and  that  the  integra- 
bility  of  that  differential  function  is  the  sole  and  necessary  ana- 
lytical expression  of  this  ])roperty. 

8,  This  being  understood,  we  have,  as  is  known,  for  a  fluid, 
defined  by  the  relation  between  the  pressure  and  density  ex- 
pressed hy  p  =  a'^p,  the  general  equation 

fi'2Nap.logp+^  +  ^V/(/)=0, 

where  a'  is  put  for  Ka  {k  being  a  known  numerical  factor,  the 
theoretical  determination  of  which  I  have  discussed  in  previous 
communications),  and  {(l<f))  =udx  +  vchj  +  ic(b.  No  extraneous 
force  being  supposed  to  act,  this  equation  is  applicable  to  all 
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points  of  the  fluid  at  all  times ;  and  if  the  fluid  be  disturbed 
within  a  limited  space  and  be  of  unlimited  extent,  there  must 

be    distant  points   at  which  -~j,  or  j  (  jT  ^-^  +  jI  '^y  +  ■jT  ^■^  )^ 

vanishes  together  with  V,  and  the  density  has  a  constant  value 
Pq.     Hence 

dZ         V2 
P—PqC     a'm~2u^ (c) 

This  equation  applies  generally  to  unsteady  motion.     Now  it  is 

to  be  observed  that,  whether  the  motion  be  steady  or  unsteady, 

the  investigation  of  the  equation  («)  is  the  same,  because  in  both 

cases  the  mean  quantity  of  fluid  which  passes  a  given  transverse 

area  in  a  given  time  is  not  sensibly  altered  by  the  reaction  of  one 

dY 
or  more  small  spheres.     Hence,  eliminating  -j-  from  [a)   by 

dz 

means  of  (c),  the  result  is 

a'2^p        TOD  d^(h  ,  ,,, 

,    =  7T — f^w — H  -7-7:  very  nearly,     .     .     (d) 

pdz       [\—J))dz       dzdt       •'  ^  ^  ' 

which  equation  differs  from  that  for  steady  motion  by  having  an 
additional  term  on  the  right-hand  side.  If  this  equation  be  ap- 
plied in  a  case  in  which  V  represents  the  velocity  in  vibratory 
motion,  the  additional  term  will  have  as  much  positive  as  nega- 
tive value,  so  that  the  mean  effect  of  the  impulses  it  indicates 
will  be  zero.  The  other  term  is  indicative  of  impulses  towards 
the  denser  part  of  the  substance,  whether  V  be  positive  or  nega- 
tive, just  as  when  the  motion  is  steady. 

9.  Recurring  now  to  the  before-mentioned  theories  of  atomic 
repulsion  and  molecular  attraction,  according  to  which  the  repul- 
sion which  keeps  the  atoms  asunder  is  due  to  vibrations  emana- 
ting from  individual  atoms,  while  the  counteracting  attractions 
result  from  composite  vibrations  emanating  from  a  congeries  of 
atoms  constituting  a  molecule,  it  will  appear  that  the  maximum 
velocity  and  breadth  must  be  supposed  to  be  much  greater  in  the 
latter  vibrations  than  in  the  others.  Also  it  is  presumable  that 
the  maximum  velocity  may  very  much  exceed  the  velocity  of  the 
earth  in  its  orbit,  or  that  of  the  solar  system  in  space,  and  yet  be 
small  compared  with  the  value  of  a',  which  is  about  190,000 
miles  per  second.  In  the  supposed  case  of  the  atoms  being  con- 
strained to  take  positions  such  as  to  produce  a  regular  gradation 
of  atomic  density  from  one  end  to  the  other  of  a  steel  bar,  at- 
traction-vibrations, ])ropagated  in  the  direction  fi'oin  the  denser 
to  the  rarer  end,  will  continually  counteract  the  atduiic  repulsions 
urging  the  atoms  towards  the  rarer  end,  without  being  neutra- 
lized by  attraction-vibrations  of  the  same  order  propagated  in 
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the  opposite  direction.  To  the  velocity  (V)  in  these  outstanding 
vibrations  it  is  reasonable  to  attribute  the  generation,  in  the 
manner  explained  above,  of  the  magnetic  streams  of  the  theory. 
In  fact  the  generation  of  such  streams  may  be  regarded  as  a  re- 
action arising  from  the  state  of  constraint  into  which  the  sub- 
stance is  put  by  the  abnormal  relative  positions  of  its  atoms. 
According  to  these  view's  the  magnetism  of  a  steel  bar  is  in  no 
sensible  degree  due  to  the  earth's  motions  relative  to  the  tether, 
but  results  from  vibratory  motions  of  the  sether  of  the  order  of 
those  by  which,  in  previous  researches,  I  have  endeavoured  to 
account  theoretically  for  intrinsic  molecular  forces.  This  is  an 
important  correction  of  the  principles  I  have  hitherto  adopted 
in  the  hydrodynamical  theory  of  magnetism. 

10.  It  is  a  general  law  of  magnetic  streams  that  they  are  re- 
entering. The  streams,  for  instance,  which  issue  from  that  which 
is  assumed  to  be  the  denser  end  of  a  magnet  are  turned  back, 
and,  after  flowing  in  the  direction  of  the  magnet's  length,  enter 
it  at  the  other  end.  This  general  law  admits  of  being  accounted 
for  theoretically  as  follows.  It  is  evident  that  ihe  acceleration 
of  a  mass  of  unlimited  dimensions  by  the  action  of  a  finite  pres- 
sure on  a  finite  surface  is  an  infinitesimal  quantity  of  the  third 
order,  and  that,  consequently,  if  the  mass  be  a  fluid  as  nearly 
incompressible  as  the  sether  is  assumed  to  be,  such  pressure  pro- 
duces absolutely  no  movement  of  the  ichole  mass  in  either  a  finite 
or  an  infinite  interval  of  time.  Hence  the  displacement,  by  the 
pressure,  of  any  portion  of  the  fluid  in  the  direction  of  its  action 
must  immediately  give  rise  to  the  displacement  of  an  equal  por- 
tion in  the  contrary  direction.  In  other  words,  there  can  be  no 
permanent  flow  of  the  fluid  across  any  plane  perpendicular  to 
the  direction  of  the  impulses.  To  satisfy  this  condition  the  mo- 
tion must  take  place  in  reentering  courses  or  circuits.  Thus 
the  existence  of  complete  circuits  as  a  necessary  condition  of  mag- 
netic, as  also  of  galvanic  phenomena,  is  accounted  for  by  the 
hydrodynamical  theory.  I  am  not  aware  that  any  other  a  prio7-i 
explanation  of  this  very  general  and  prominent  characteristic  of 
physical  currents  has  been  given. 

11.  Another  general  law  relating  to  galvanic  and  magnetic 
circuits  may  be  referred  to  the  hydrodynamical  fact  that  the 
currents  of  a  fluid  always  take  the  easiest  course — that  is,  the 
course  in  which  the  least  resistance  from  the  inertia  of  the  fluid 
is  to  be  overcome.  In  a  bar  magnet  there  is  very  little  magne- 
tism about  its  middle  part  in  directions  transverse  to  its  length, 
the  magnetic  action  taking  place  chiefly  about  the  two  ends,  as 
is  shown  by  immersing  the  magnet  in  iron-filings.  The  hydro- 
dynamical explanation  of  these  facts  is  as  follows.  About  the 
middle  of  the  magnet  there  is  no  transverse  impulse  capable  of 
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overcoming  in  any  sensible  degree  the  inertia  of  the  circumja- 
cent fluid;  uhilethe  impulses  in  the  direction  of  the  increase  of 
density  have  the  effect  of  causing  a  stream  to  flow  out  of  the  parts 
near  the  denser  end  in  courses  which^  by  reason  of  the  inertia  of 
the  fluid  beyond,  arc  at  first  made  divergent,  and  eventually  are 
turned  completely  backward  :  these  return-currents  are  then  op- 
])oscd  by  the  inertia  of  the  fluid  beyond  the  other  end  of  the  ■ 
magnet,  and  are  made  to  converge  towards  that  end  in  such 
manner  as  to  fulfil  by  the  easiest  courses  the  necessary  condition 
of  motion  in  circuits.  According  to  this  view  the  courses  arc 
determined  by  a  law  of  least  action.  (See  a  mathematical  theory 
of  this  kind  of  motion  in  the  Philosophical  Magazine  for  July 
1869.) 

12.  Like  considerations  arc  applicable  if  the  magnet  has  a 
form  different  from  that  of  a  straight  bar;  for  instance,  if  it  has 
the  form  of  a  horseshoe.  In  this  case,  as  the  two  ends  are 
brought  near  each  other,  the  mean  course  of  least  resistance  is 
along  the  axis  of  the  magnet,  and  the  stream  passes  out  of  one 
end  immediately  into  the  other.  Also  the  tendency  of  the 
stream  to  escape  from  the  curved  part  of  the  magnet  by  reason 
of  centrifugal  force  is  still  0])posed  by  the  inertia  of  the  external 
fluid.  In  order  to  make  the  insulation  of  the  current  more 
complete,  that  part  is  usually  covered  with  sealing-wax,  this 
substance  not  having  the  property  of  easily  conducting  rctherial 
streams. 

The  same  hydrodynamical  principles  account  for  the  flow  of  a 
(jalvanic  current  through  conducting  substances  of  very  irregular 
forms.  In  consequence  of  the  resistance  to  emergence  arising 
from  the  inertia  of  the  surrounding  aether,  the  currents  are  con- 
fined within  the  boundaries  of  the  conductors  just  as  a  stream 
of  water  is  confined  within  channels,  such  as  rigid  pipes,  or  ves- 
sels of  any  form  through  which  it  is  compelled  to  flow.  Only, 
in  the  case  of  the  galvanic  current,  the  condition  of  a  complete 
circuit  is  required  to  be  fulfilled  in  order  that  the  flowing  may 
take  place. 

13.  It  might  be  urged  as  an  objection  to  the  foregoing  rea- 
soning, that  if  an  unlimited  mass  of  elastic  fluid,  such  as  the 
aether  is  conceived  to  be,  were  to  receive,  within  certain  limits  of 
disttnce  from  a  centre,  impulses  directed  from  the  centre  and 
equal  in  all  directions,  the  effect  of  these  impulses  would  not  be 
neutralized  by  reaction  from  the  inertia  of  the  surrounding  fluid. 
This  objection  admits  of  being  answered  by  an  a])j)eal  to  hydro- 
dynamical ])rinciplc's  which  1  proposed  long  since,  and  have  re- 
jxatedly  insisted  uj)on,  although  they  have  not  hitherto  received 
general  recognition.  1  luive  pointed  out  that  when  an  elastic 
fluid  receives  imj)ulscs  equally  in  all  directions  from  a  centre, 
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either  at  a  given  distance  during  a  limited  interval  of  time,  or  at 
a  given  instant  through  a  limited  spaee,  the  subsequent  motion 
cannot  be  a  solitary  wave  of  condensation  or  of  rarefaction ;  for 
in  such  case  the  condensation  would  vary  inversely  as  the  square 
of  the  distance  from  the  centre,  whereas  the  mathematical  solu- 
tion of  the  problem  shows  that  it  varies  simply  as  the  inverse  of 
the  distance.  To  meet  this  difficulty  I  now  adhere  to  the  argu- 
ments I  adduced  in  an  article  in  the  Philosophical  Magazine  for 
January  1859,  and  in  paragraph  10  of  an  article  in  the  Philoso- 
phical jNIagazine  for  June  1862,  although  subsequently  I  adopted 
a  different  view.  According  to  those  arguments  the  law  of  the 
simple  inverse  of  the  distance  holds  good  only  in  case  the  dis- 
turbance gives  rise  both  to  condensation  and  rarefaction  and  the 
resulting  motion  is  consequently  vibratonj.  It  must  therefore 
be  admitted  that,  whether  the  original  impulses  are  vibratory  or 
not,  alternations  of  condensation  and  rarefaction  are  actually 
produced ;  and  it  seems  evident  that  this  effect  must  be  attri- 
buted to  the  obstacle  opposed  to  the  impulsive  action  by  the 
inertia  of  the  surrounding  mass  of  fluid.  This  explanation  is, 
I  think,  complete  when  it  is  supplemented  by  the  consideration 
that,  according  to  the  hydrodynamical  principles  above  referred 
to,  vibratory  motion,  accompanied  by  alternate  condensation  and 
rarefaction,  may  be  shown  to  be  proper  to  an  elastic  fluid  ante- 
cedently to  any  suppositions  respecting  particular  modes  of  dis- 
turbance. (See  the  demonstration  of  Prop.  X.  in  the  Philoso- 
])hical  Magazine  for  December  1854,  and  that  of  Prop.  XL  in 
the  'Principles  of  Mathematics,'  pp.  201-205.) 

14.  Again,  when  the  motion  of  an  elastic  fluid  is  supposed  to 
be  in  directions  perpendicular  to  a  given  plane,  the  usual  pro- 
cess for  determining  the  velocity  and  condensation  at  any  point 
conducts,  as  I  long  since  remarked,  to  a  contradictory  result,  in- 
dicative of  faulty  reasoning.  (See  '  Principles  of  IMathematics,' 
pj).  193-195.)  As  in  the  foregoing  case  of  central  motion, 
the  contradiction  is  significant  of  an  effect  of  the  inertia  of  the 
fluid  not  taken  into  account  by  that  process.  By  first  proving, 
antecedently  to  the  consideration  of  arbitrary  modes  of  disturb- 
ance, that  the  fluid  is  susceptible,  by  reason  of  its  inertia,  of 
spontaneous  vibratory  motions  partly  parallel  and  partly  trans- 
verse to  an  axis,  and  thence  arguing  that  arbitrarily  impressed 
motions  must  be  regarded  as  actually  com])osed  of  such  primary 
motions,  I  have  shown  that  the  above-mentioned  contradiction 
disappears.  (See  Prop.  XL  above  cited.)  The  conclusions 
arrived  at  in  this  and  the  preceding  paragraph  respecting  the 
generation  of  vibratory  motions  by  impulses  that  are  not  vibra- 
tory, are  of  essential  importance  in  accounting  for  a  large  class 
of  phenomena  of  light  on  the  hypothesis  of  undulations.     Also 
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certain  effects  of  motions  of  the  air — for  instance,  the  sounds  of 
recognizable  pitch  resulting  from  the  mutual  collision  of  aerial 
streams,  or  from  the  diversion  given  to  such  streams  by  encoun- 
tering solid  obstacles,  are  explainable  on  the  same  principles. 

15.  I  take  occasion  here  to  remark  that  the  generation  and 
propagation  at  the  surface  of  water  of  a  series  of  circular  waves 
in  forms  which  appear  to  be  independent  of  the  mode  of  dis- 
turbance, or  shape  of  the  disturbing  body,  are,  I  think,  referable 
to  dynamical  reasons  analogous  to  those  adduced  above.  Also 
the  series  of  small  waves  which  are  seen  to  precede  a  cylindrical 
rod  when  it  is  held  vertically  and  moved  horizontally  through 
water  in  which  it  is  partly  dipped,  may  be  similarly  accounted 
for.  (These  '^  ripples,"  together  with  the  broader  waves  which 
follow  the  rod  under  the  same  circumstances,  are  described  and 
discussed  by  Professor  W.  Thomson  in  an  article  in  the  Philo- 
sophical Magazine  for  November  1871.)  Supposing  the  iiuid 
to  be  one  of  perfect  fluidity,  the  foregoing  argument,  which  is 
based  on  that  supposition,  leads  to  the  conclusion  that  the  gene- 
ration of  the  ripples  may  be  ascribed  to  the  obstacle  opposed  to 
the  motion  of  the  rod  by  the  inert  mass  of  fluid  in  front,  and 
that  the  waves  behind  are  broader  than  those  before  by  reason 
of  the  reluctance  with  which  the  mass  behind,  on  account  of  its 
inertia,  follows  the  rod. 

16.  The  motions  which  have  been  thus  far  considered  are  all 
such  that  each  element  of  the  fluid  is  at  each  instant  changing 
its  form,  and  the  lines  of  motion  are  normals  to  continuous  sur- 
faces, so  that  udx  +  vchj  +  icdz  is  always  and  everywhere  an  exact 
differential.  This  may  be  true  even  supposing  the  motion  to  be 
in  directions  perpendicular  to  a  given  plane,  because,  as  I  have 
indicated  above,  the  rectilinear  motion  may  be  composite,  in  which 
case  the  change  of  form  of  the  fluid  elements  takes  })lace  with 
respect  to  each  of  the  component  motions.  There  are,  however, 
cases  of  the  motion  of  a  fluid  in  which  each  clement  maintains 
always  the  same  form,  either  because  the  whole  mass  moves  or 
rotates  as  if  it  were  solid,  or  consists  of  an  unlimited  number  of 
parts  which  individually  so  move.  Such  motions  are  distinguished 
by  the  analytical  circumstance  that  for  them  lulv  +  vdij  +  irdz  is 
integrable  by  di  factor.  To  ])rove  this  is  the  object  of  the  fol- 
lowing argument,  in  which,  for  the  sake  of  brevity,  the  fluid  is 
supposed  to  be  incompressible. 

17.  Por  proving  a  proi)osition  of  this  kind  it  is  necessary  to 
employ  the  general  equations  of  hydrodynamics,  in  order  that 
the  reasoning  may  dejiend  on  the  fundamental  jjriueiples  which 
these  c(|uations  ex|)rcss.  I  shall  therefore  begin  by  drawing 
an  inference  from  that  which  1  call  the  equation  of  continuity, 
namely : — 
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which  takes  account  only  of  space,  time,  and  motion.     Since 

M  =  X  -T-  ^  v  =  \  -p-,  w  =  \  -—i  it  follows  that  the  left-hand  side 
ax  ay  dz 

of  this  equation  is  the  complete  differential  coefficient  of  -^/r  with 

respect  to  the  coordinates  and  the  time  ;  so  that  ( -^  j  =  0,  and 

by  integration '\/r  =  Cj  an  arbitrary  quantity  not  containiug  t. 
Hence,  since  i/r  does  not  change  with  the  time,  the  equation 
i/^  — C  =  0  shows  that  each  surface  of  displacement  maintains  an 
invariable  position.  Now  there  are  only  two  ways  in  which  this 
condition  can  be  fulfilled  when  the  forms  of  the  elements  are  also 
invariable;  either  the  motion  is  in  straight  lines  perpendicular 
to  a  fixed  plane,  or  in  circles  about  a  fixed  axis. 

18.  First,  let  the  motion  be  in  directions  perpendicular  to  a 
plane,  which  we  will  suppose  to  be  the  plane  of  xy,  and  let  the 
velocity  along  any  line  the  coordinates  of  which  are  x  and  y  be 
fix,  ]/) .  Then  we  have  m  =  0,  ?;  =  0,  w  —f{x,  y) ;  so  that 
udx  +  vdy  +  wds  becomes  fix,  ij)dz,  which  is  not  integrablc  'per  se, 

but  plainly  may  be  made  integrable  by  the  factor  j- r.     Then 

w 
{(lyy)  =  -r, r-dz=dz;  aud  by  integrating,  •\/r  =  c  +  p(;(/).     But 

j\^>  y) 

it  is  shown  above  that  -v^r  is  independent  of  /;  so  that  n^(^)=0. 
Hence,  since  y^r  is  equal  to  a  constant  C,  5"— C  =  0  is  the  general 
equation  of  the  surfaces  of  displacement,  which,  accordingly, 
are  planes  perpendicular  to  the  axis  of  z.  Also  the  motion  will 
be  the  same  at  all  points  of  a  given  filament  of  the  fluid  parallel 
to  the  axis  of  ^-j  but,  since  w=-f{x,  y),  it  may  be  supposed  to 
vary  from  one  filament  to  another.  The  proposition  is  thus 
proved  for  this  case,  the  result  having  been  obtained  by  means 
of  a  factor. 

19.  Next  let  the  motion  be  in  circles  about  the  axis  of -s'. 
Then,  V  being  the  velocity  at  the  distance  r  from  the  axis,  we 
have  at  the  point  xyz 

Yy  Yx 

u— -,     v= — ,     iv  =  0, 

r  r 

V 

and  udx +  vdy  +  ivdz= (ydx—xdy),  which  is   not  an  exact 

differential.     It  is  evident  that  the  factor  ^^^^  will  make  it  such, 

\r 
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aiitl  wc  sliall  thus  have 

Ilcncc  by  iiitcgrathig,  '\^=tan~'",  no  arbitrary  function  of  / 

being  added,  because  it  has  ah-eady  been  shown  that  -\|r  is  equal 
to  a  constant  C  which  is  independent  of  the  time.     Consequently 

C=tan~'-j   or  y  =  xX2inC,  C  being  an  arbitrary  arc.      This 

general  equation  of  the  surfaces  of  displacement  indicates  tliat 
the  motion  is  in  circles  about  the  axis  of  ~.  This  result  having 
been  arrived  at  by  means  of  a  factor,  the  proposition  that 
ndx  +  vdy  +  ivdz  is  integrable  by  a  factor  for  this  kind  of  motion 
is  thereby  demonstrated. 

20.  It  is  now  to  be  observed  that  although  the  general  equa- 
tion (e)  is  satisfied  by  the  two  supposed  kinds  of  motion,  the 
possibility  of  such  motions  is  not  proved  till  the  other  general 
equations  have  been  taken  into  account.  Yet,  according  to  the 
essential  principles  of  applied  calculation,  the  circumstance  that 
that  general  equation  has  been  satisfied  cannot  be  without  sig- 
nificance ;  and  it  is  on  this  account  necessary  to  inquire  whether 
and  under  what  conditions  the  other  general  equations  are  satis- 
fiied  by  the  same  motions. 

21.  Taking,  first,  the  motion  in  parallel  straight  lines,  since 
z<  =  0,  t"  =  0,  and  '>('=f{x,y),  it  is  evident  that  the  general  equa- 
tion of  constancy  of  mass, 

du      dv   ,  dw     _  ,  /,, 

is  at  once  satisfied,  and  it  only  remains  to  take  account  of  the 
dynamical  equations 

l  +  (^)='''^(f)=<''l  +  (t)="--  <^) 

Ey  substituting  the  values  of  v,  v,  and  w  in  these  eciuatiuus 
there  will  result 

dz       '    dy       '    d.~        ' 

whence  it  follows  that  [dji)=0,  and  y;  is  constant.  ISiiice  the 
la^t  of  llie  tlii'ce  equations  is  equivah  nl  to 

dp       dw         dm         dir  dw       .. 

(Iz       (It         (i.r  ay  dz 

it  may  be  remarked  thai   the  I'oreguiiig  reasouuig,  since  «  — 0 


Theory  of  Magnetism.  413 

and  v=0,  docs  not  exclude  finite  values  of  -r-  and  ,  ,  and  con- 
air  ay 

sequently  it  is  possible  that  w  may  vary  from  one  line  of  motion 

to  a  contiguous  one.     Thus  it  has  been  shown  that  the  supposed 

motion  in  parallel  lines  satisfies  all  the  general  equations   ie), 

(/),ancl(^).    _ 

22.  Proceeding,  now,  to  the  case  of  rotatory  motion  about 
the  axis  of  s,  it  will  be  found,  on  substituting  in  the  equation  (/) 

for  M,  V,  IV  the  respective  values ^;  —^,  0,  that  the  result  is 

?/  (lY      X    (lY 
—  ~  ~, — h  -  •  -y-  =  U. 
r  ax       r     ay 

This  is  a  partial  differential  equation,  the  solution  of  which  by 
the  usual  process  is  V  =  F(r).  It  is  thus  proved  that  the  circular 
motion  is  a  function  of  the  distance  from  the  axis  and  of  arbi- 
trary value.  It  remains  to  ascertain  under  what  dynamical  con- 
ditions this  kind  of  motion  is  possible. 

23.  Since  w=0,  the  equations  to  be  used  for  tiiis  purpose  arc 

dp  (III  du  du  _  „ 

dx  dt  dx  dy        ' 

dp  dv  dv  dv  _p. 

dy  dt  dx  dy 

By  substituting  in  these  equations  the  foregoing  values  of  ?<  and 
?;,  it  will  be  found  that 

[dp)  =  —  dr  —  r—ryd.  tan" '  -• 


;• 


dt      ■  X 


In  order  that  the  right-hand  side  of  this  equation  may  be  an 

dY 
exact  differential,  we  must  have  —j-=iO;   so  that  V  is  a  function 

of  r  without  containing  t,  and  the  motion  is  thus  shown  to  be 
steady.     Hence  also 

dr         r  ' 

that  is,  the  centrifugal  force  is  counteracted  by  variation  of  pres- 
sure with  the  distance.  Since  the  right-hand  side  of  this  ecpia- 
tion  is  necessarily  positive,  the  pressure  p  continually  increases 
with  the  distance. 

24.  Suppose,  ni  consequence  of  what  has  now  been  proved, 
that  for  the  ease  of  motion  in  parallel  straight  lines  we  have 
T|r|  =  C,,  and  for  the  circular  motion  i^^=zQ,^^  and  that  the  sum 
of  the  two  equations  gives  •\|>-  =  C.  Since  this  composite  equation 
is  of  the  same  form  as  the  components,  it  follows  that,  so  far  as 
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the  principle  of  continuity  is  concerned,  the  two  motions  might 
coexist,  it  may  also  be  readily  shown  that  this  coexistence  is 
compatible  with  the  equation  of  constancy  of  mass.  For  if 
«„  v\,  w^  and  ii.^,  v^,  w^  represent  respectively  the  components 
of  the  velocity  for  the  two  motions,  and  \{  u  =  u^+Uc^v  =  Vi  +  v.^, 
tv  =  u\-\-u>^,  we  have,  as  already  proved, 

dui      dv^      div^  _        du.^      dv^      dw^_„ 
dx        dy        dz         '     dx        dy        dz  ~    ' 

and,  by  adding  the  two  equations, 

du      dv   .dw_^ 
dx      dy      dz 

Having  by  this  result  proved  that  the  component  motion  fulfils 
the  condition  of  constancy  of  mass,  we  have,  further,  to  inquire 
whether  udx  +  vdy  +  wdz  can  be  made  integrable  by  a  factor; 
and  if  so,  by  what  factor.     For  this  purpose  we  have 

.  V?/  V^ 

u  =  u^  +  u.^— ^,     v  —  Vy-\-Vc^=—^,     w  =  iVi-\-Wci=f{x,y), 

which  values  of  u,  v,  and  w  evidently  show  that  udx  +  vdy  -f  wdz 
is  not  an  exact  differential.  In  order  that  it  may  be  made  inte- 
grable by  a  factoi',  the  following  equation  of  condition,  as  is 
known,  must  be  satisfied  : 

(dv       diu\        /dw      du\         /du      ^^'\  _pj 
dz      dyj       \dx       dz)        \dy      dx' 

Putting,  for  shortness, /for /(a;,  y),  and  for  V  its  value  F(?-),the 
result  of  substituting  the  values  of  m,  v,  w  will  be  found  to  be 

ydf  ^xcJl^^^r¥{r)^ 


fdy'fdx  l\r) 

This  equation  makes  it  evident  that  the  equation  of  condition 
cannot  be  satisfied  unless  /  be  a  function  of  ;•.  Putting  there- 
fore/(/■)  for/,  we  have 


./'{r)^^_^rF'(r 


and  by  integration, 


b  being  an  arbitrary  constant.  This  result  establishes  a  relation 
between /(/■)  and  F(/-),  by  taking  account  of  which  it  will  be  seen 
that 
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Hence  tlie  required  factor  is    -^      ,  and 

Thus  tlie  differential  equation  of  any  surface  of  displacement  is 

r^ 
and  by  integration  tlic  equation  of  the  surface  becomes 

^=c-itan-i^ m 

These  results  give  the  means  of  defining  exactly  the  character 
of  the  motion.  According  to  the  principle  of  easy  divisibiUty, 
we  may  conceive  the  fluid  to  be  divided  into  an  unlimited  num- 
ber of  infinitely  thin  cylindrical  shells  having  the  axis  of  z  for 
their  common  axis;  and  if  r(r)  be  the  rotatory  velocity  of  a 
given  shell  at  the  distance  r  from  the  axis^  then  will  f{r),  or 

7-¥(r) 

—J — ,  be  the  velocity  of  the  same  shell  parallel  to  the  axis.  Con- 
sequently the  motion  of  any  given  point  of  the  shell  will  be  in  a 
sjnral.  The  form  and  position  of  the  spiral  may  be  inferred 
from  the  above  equation  of  the  surfaces  of  displacement  when 
the  values  of  the  constants  b  and  c  are  given.  The  spiral  is 
left-handed  or  right-handed  according  to  the  sign  of  h. 

25.  We  have  still  to  determine  the  dynamical  conditions  of 
this  motion.  From  what  has  been  proved,  the  components  of 
the  velocity  have  the  following  values : 

u=~^Y{r),     .=  ^F(r),     «;  =/(r)  = '^  F  (r) ; 

and  for  determining  the  pressure,  since  ii,  v,  lo  are  independent 
of  z,  we  have 

dp        du  ^     du      „    dp        dv        dv      _    dp  ,     dw       dw     ^ 
ax        dx        dy  dy        dx        dy  dz       dx        dy 

The  last  of  these  equations  gives 

|=-f  FWM  +  f  FWW  =  0. 

Hence  the  equations  for  determining  p  are  the  same  as  for  simple 

rotation  about  the  axis,  and,  just  as  for  that  case,  ^—  =  — , 

dr         r 

or  the  centrifugal  force  is  counteracted  by  the  increment  of  the 

pressure  with  the  distance  from  the  axis. 

(The  foregoing  investigation  takes  account  of  all  the  cases  of 
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motion  for  which  udx  +  vJij  -\-wdz  is  intcgrable  by  a  factor. 
AV'hcu  that  differential  is  exact,  the  general  equation  (e)  conducts 
to  a  unique  result  belonging  to  a  different  class  of  motions,  as  I 
have  elsewhere  shown :  Principles  of  IMathcmatics,  pp.  18G-188. 
The  equation  is  in  that  case  satisfied  by  rectilinear  motion,  whicl), 
by  reason  of  the  other  general  equations,  is  restricted  to  motion 
along  an  axis  of  longitudinal  and  transverse  vibrations.  Mo- 
tions of  the  vibratory  class  arc  inapplicable  to  galvanic  and  mag- 
netic phenomena.) 

26.  The  mathematical  investigation  concluded  above  gives 
the  means  of  explaining  in  what  manner  i\  (jalvunic  current  flows 
to  any  distance  along  a  fine  cylindrical  wire  of  copper.  Together 
with  the  movement  of  a  stream  along  the  wire,  both  within  it 
and  outside,  and  symmetrical  with  respect  to  its  axis,  there  must 
be  transverse  circular  motion  about  the  axis;  for  otherwise,  since 
by  the  contraction  of  channel  tJie  velocity  is  greater,  and  the 
pressure  less,  within  the  v.'ire  than  in  the  circumjacent  space, 
the  fluid  would  flow  from  all  sides  towards  the  axis,  and  thus  a 
stop  would  be  put  to  the  current.  The  spiral  motion  which  re- 
sults from  the  composition  of  the  longitudinal  and  transverse 
motions,  being  accomjianied  by  centrifugal  force  due  to  the  cir- 
cular motion,  has  the  effect  of  maintaining  the  current.  When 
the  continuity  of  the  wire,  or  of  any  other  substance  by  which  a 
current  is  conducted,  is  abruptly  broken,  at  the  first  instant  the 
stream  issues  from  the  terminal,  and  impinges  on  the  surround- 
ing fluid ;  but  since  it  ceases  at  the  same  instant  to  be  main- 
tained by  means  of  circular  motion  about  an  axis,  the  compound 
motion  is  immediately  converted  into  the  kind  for  which 
udx  ■\- vdij -{- wdz  is  an  exact  differential,  and  is  consequently 
turned  back  by  having  to  encounter  the  inertia  of  an  unlimited 
mass  of  the  lluid.  The  return  course  will  be  along  the  original 
conductor  if  this  be  the  only,  or  the  readiest,  channel.  If,  how- 
ever, another  wire  conductor  should  be  in  the  neighbourhood  of 
the  first,  there  would  seem  to  be  no  reason  why  the  revulsion 
due  to  tlic  fluid's  inertia  should  not  cause  a  partial  return  of  the 
fluid  along  this  wire  also.  In  fact  it  has  been  ])rovcd  experi- 
mentally by  Paraday  that  such  motion  actually  takes  place.  1 
venture  here  to  express  the  opinion  that  no  explanation  of  this 
induction  of  a  galvanic  current,  other  than  one  resting  on  hydro- 
dynamical  ])rinciplcs,  is  likely  ever  to  be  discovered. 

27.  The  inquiry  as  to  the  orif/ination  of  the  rectilinear  and 
circular  motions  which  combine  to  produce  a  galvanic  current  is 
distinct  from  the  preceding  investigation,  inasmuch  as  it  involves, 
together  with  deductions  froni  hydrodynaiuical  jjrinciples,  con- 
siderations respecting  the  chemical  action  between  dissiinihir 
bodies,  as  also  respecting  the  effect  of  the  particular  arrange- 
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mcnfc  of  tlie  atoms  or  molecules  of  the  conducting  substance. 
On  these  points  it  will  now  bo  proper  to  make  some  remarks. 

Galvanic  currents  may  be  conceived  to  be  generated  in  the 
same  manner  as  magnetic,  so  far  as  regards  the  condition  of  a 
gradation  of  atomic  density,  the  gradation  being  in  their  case 
produced  and  maintained  by  chemical  action  in  such  manner  as 
to  exist  permanently  in  the  neighbourhood  of  the  surfaces  of 
contact  of  the  substances  between  which  the  action  takes  place. 
The  currents  thus  generated  must,  from  what  has  already  been 
argued,  fuliil  the  condition  of  flowing  in  a  complete  circuit  in 
order  that  they  may  be  permanent ;  for  which  reason  it  is  neces- 
saiy  to  connect  the  poles  of  a  galvanic  battery  by  some  material 
(as  copper  wire)  capable,  in  respect  both  to  form  and  quality,  of 
conducting  galvanic  currents.  But  from  the  foregoing  mathe- 
matical argument  it  may  be  inferred  that  currents  so  conducted 
can  proceed  only  in  spiral  courses.  Now,  supposing  the  course 
to  be  of  this  kind,  it  appears  from  experiment  that  the  turn  of 
the  spiral  is  always  in  the  same  direction  relative  to  the  course 
of  the  current  along  the  conductor.  Hence  it  would  seem  that 
such  courses  are  impressed  by  the  wire  itself  or  other  conducting 
substance,  because,  as  far  as  regards  hydrodynamical  conditions, 
the  course  might  either  be  dextrorsum  or  sinistrorsum.  Suppo- 
sing the  mean  direction  of  the  current  to  be  in  the  positive  di- 
rection of  the  ordinates  z,  if  the  arbitrary  constant  b  in  the  fore- 
going equation  (A)  be  positive,  the  value  of  z  is  greater  as  the 

arc  tan-^-  is  less,  and  therefore  the  spiral  course  is  dextrorsum; 

X 

that  is,  to  a  person  looking  along  the  axis  in  the  positive  direc- 
tion the  turn  of  the  spiral  above  the  axis  is  from  the  left  hand 
to  the  right.     But  hydrodynamically  it  is  equally  possible  that 

h  may  be  negative,  in  which  case  z  is  greater  as  tan   '  -  is  greater, 

and  the  turn  of  the  spiral  is  sinistrorsum, 

28.  Assuming,  for  the  reasons  above  given,  that  the  direction 
of  the  spiral  course  is  determined  by  the  atomic  or  molecular 
constitution  of  the  conductor,  it  is  conceivable  that  this  eifect 
may  be  attributable  to  a  particular  arrangement  of  the  constituent 
atoms,  causing  the  path  of  least  resistance,  instead  of  being  rec- 
tilinear, to  be  continuously  maintained  in  a  spiral  form.  For 
instance,  such  a  modification  of  the  path  might  be  produced  if 
the  mean  retardation,  due  both  to  the  reaction  and  the  arrange- 
ment of  the  atoms,  operated  in  a  direction  not  exactly  opposed 
to  that  of  the  stream. 

29.  The  quantity  of  fluid  which  in  a  unit  of  time  passes  a 
plane  perpendicular  to  the  axis  of  the  wire  is  proportional  to  the 
integral  oi'f{r)dr  between  certain  limits,  and  is  therefore  greater 

Phi!.  Mag,  S.  4.  Vol.  43.  No.  288,  June  1872.  2  E 
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a8/(7-)  is  greater;  and  since  i/(r)  =  ?-F (r) ,  for  a  given  value  of  r 
/(?•)  is  greater  as  the  circular  motion  V{r)  is  greater.  The  latter 
function  may  be  considered  to  be  the  exponent  of  the  capacity 
of  the  substance  for  generating  spiral  motion,  and  thereby  con- 
ducting galvanic  currents.  This  property,  winch,  exists  in  very 
different  degrees  in  different  substances,  seems  to  be  possessed 
in  an  eminent  degree  by  cop2)er,  wires  of  this  metal  being  gene- 
rally used  for  conducting  galvanic  currents.  I  shall  have  occa- 
sion to  advert  again  to  the  origination  of  spiral  motion  by  the 
agency  of  copper. 

30;  The  mathematical  theory  being  incapable  of  determining 
by  itself  whether  the  spiral  motion  is  dcxtrorsum  or  sinistrorsum, 
it  remains  to  inquire  how  far  this  question  may  be  decided  by 
combining  experiment  with  the  theory.  Experiment,  in  the 
first  place,  may  be  taken  to  indicate  that  the  direction  of  the 
theoretical  circular  motion  about  a  rhcophore  is  related  in  a 
constant  manner  to  the  direction  of  the  current  along  the  rheo- 
phore,  so  that  when  the  latter  is  given  the  other  should  admit 
of  being  inferred.  In  order  to  determine  that  relation  I  make 
the  provisional  hypothesis  that  currents  flow,  or  tend  to  flow, 
out  0/ the  poles  which  experimenters  call /»os?7n-e,  and  into  those 
which  they  call  negative.  That  pole  of  a  horizontal  magnetic 
needle  which  is  southward  is  called  the  positive  pole.  Hence, 
by  the  hypothesis,  magnetic  streams  flow  out  of  it,  and  enter  into 
the  pole  which  is  northward ;  whence  it  follows,  by  the  hydro- 
dynamical  theory  of  the  magnetic  needle  (see  infra,  art.  33),  that 
the  horizontal  components  of  the  terrestrial  streams  flow  south- 
ward both  in  the  northern  and  southern  magnetic  hemispheres, 
and  by  consequence,  as  the  dipping-needle  shows,  that  the  ver- 
tical components  flow  upivards.  Thus  the  total  terrestrial  streams 
issue  from  the  earth  at  and  about  the  north  magnetic  pole,  and 
enter  into  it  at  and  about  the  south  magiietie  pole. 

31.  Again,  that  pole  of  a  voltaic  pile  or  galvanic  battery  which 
has  the  zinc  terminal  plate  is  called  positive,  and  that  which  has 
the  copper  terminal  plate  nerjufive.  Ilcnoe,  by  the  hypothesis, 
the  galvanic  current  along  the  connecting  rheophorc  outside  the 
pile  or  battery  Qows  from  the  zinc  to  the  copper. 

[I  have  previously  taken  the  current  to  be  in  the  contrary  di- 
rection, having  had  difficulty  in  deciding  between  the  discordant 
indications  of  experimenters  on  this  point.  The  direction  shown 
by  arrows  and  the  signs  +  and  —  in  the  figure  in  art.  G82  of 
Atkinson's  edition  of  *  Ganot '  does  not  accord  with  the  j)resent 
hypothesis ;  neither,  in  fact,  is  it  consistent  with  directions  simi- 
larly indicated  in  other  cases  in  the  same  work.] 

32.  By  referring  to  two  experiments  described  in  arts.  732 
and  731  of  Atkinson's  'Ganot,'  it  will  be  seen  that  the  coexist- 
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ence  of  the  horizoutal  terrestrial  current  with  a  vertical  galvanic 
current  produces  an  action  on  the  rheophore  tending  westward 
or  eastward  according  as  the  vertical  current  is  uscendinxj  or  de- 
scending. Now  on  the  hypotheses  that  the  earth's  current  is 
southward,  and  the  galvanic  current  in  the  direction  from  the 
zinc  terminal  to  the  copper  terminal^  these  facts  are  explainable 
only  on  the  supposition  that  the  spiral  motion  is  dextrorsum,  that 
term  being  taken  in  the  sense  defined  in  art.  27.  For  under 
these  circumstances  the  magnetic  current  and  the  circular  part 
of  an  ascending  current  are  opposed  to  each  other  on  the  east 
side  of  the  wire  and  concur  on  the  west  side,  and  consequently, 
by  the  hydrodynamics  of  steady  motion,  the  result  is  an  excess 
of  pressure  westward;  and  similarly,  the  magnetic  current  and 
the  circular  part  of  a  descending  galvanic  current  are  opposed  on 
the  ivest  side  of  the  wire  and  concur  on  the  east  side,  and  the 
consequent  action  is  eastward.  These  inferences  agree  with  the 
experimental  facts ;  and  accordingly  this  argument  is  decisive  as 
to  the  direction  of  the  spiral  motion  on  the  above  hypotheses 
respecting  the  directions  of  the  currents. 

33.  Supposing,  in  accordance  with  this  conclusion,  that  the 
spiral  motion  is  always  dextrorsum,  we  may  proceed  next  to  ac- 
count for  the  results  of  Oersted's  experiment  on  the  same  hypo- 
theses. The  horizontal  component  of  the  earth's  current  flowing 
southward,  it  will  follow  that  the  end  into  which  the  proper 
streams  of  a  magnet  flow  in  converging  courses  is  that  which, 
when  the  magnet  is  suspended  horizontally,  points  northward ; 
for  it  is  under  these  conditions  that  the  terrestrial  current  gives 
that  end  a  northward  direction,  as  may  be  thus  shown.  Con- 
ceive the  north  end  to  deviate  from  the  magnetic  meridian 
through  a  certain  angle  westward,  and  let  the  earth's  current 
and  the  above-mentioned  converging  streams  be  both  resolved 
perpendicularly  to  the  axis  of  the  needle.  Then  the  resolved 
parts  will  be  in  opposite  directions  on  the  west  side  of  the  north 
end,  and  in  the  same  direction  on  the  east  side,  and  thus  the 
north  end  will  be  driven  eastward.  Similarly,  since  the  needle's 
streams  are  divergent  from  the  south  end,  this  end  will  be  driven 
westward.  Just  the  opposite  effects  would  take  place  if  the  de- 
viation of  the  north  end  were  eastward.  Accordingly  the  needle 
is  in  a  position  of  stable  equilibrium  when  it  points  northward 
and  the  marked  end  is  in  the  magnetic  meridian.  This  theory 
accounts  for  the  directive  action  of  the  earth's  magnetism. 

34.  Now  let  a  galvanic  current  be  caused  to  pass/rom  south 
to  north  along  a  conductiug-wire  placed  over  the  needle  in  the 
magnetic  meridian,  as  in  one  case  of  Oersted's  cxpei'iment. 
(See  the  figure  in  art.  G27  of  'Ganot,'  which  is  the  same  as  that 
in  art.  098  of  Atkinson's  edition.)     Then  supposing  the  con- 
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verging  sf  reams  of  the  magnet  at  the  north  end  and  the  circular 
part  of  the  galvanic  current  to  be  resolved  in  a  horizontal  plane 
passing  through  the  axis  of  the  needle  and  perpendicularly  to 
that  axis,  the  two  portions  will  concur  on  the  cast  side  of  the 
needle  and  be  o])])osed  to  each  other  on  the  tvest  side,  so  that 
the  needle  will  be  urged  eastward.  Similarly  at  the  south  end 
the  circular  part  of  the  galvanic  stream  and  the  resolved  parts  of 
the  divergent  magnetic  streams  concur  in  direction  on  the  west 
side  and  are  in  opposite  directions  on  the  east  side,  and  that  end 
will  thus  be  urged  ivestward.  Hence  on  both  accounts  the  north 
end  deviates  towards  the  east.  But  according  to  Ganot  and 
Atkinson  the  deviation  in  this  case  of  the  experiment  is  towards 
the  west.  What,  then,  is  the  explanation  of  this  disagreement  ? 
Simply  that  the  experimental  result,  as  given  by  Ganot,  is  incon- 
sistent with  the  course  of  the  current  from  the  zinc  to  the  copi)er, 
as  indicated  by  the  signs  +  and  —  and  by  arrows.  The  result 
for  the  same  case  of  the  experiment,  as  stated  by  I\l.  de  la  Rive 
{Traite  de  I'EIectricite,  vol.  i.  p.  207),  and  by  Mr.  Airy  (Trea- 
tise on  jMagnetism,  top  of  p.  2i0),  accords  with  the  above  deduc- 
tion from  the  theory  in  giving  an  eastward  deviation.  It  is, 
further,  to  be  remarked  that  Ganot's  statements  (in  art.  627)  of 
the  results  of  the  experiment  in  the  four  cases,  together  with  the 
indicated  directions  of  the  current,  are  in  agreement  with  Am- 
pere's well-known  rule  for  determining  the  direction  of  the  de- 
viation of  the  north  end  of  the  needle,  and  would  also  agree  with 
the  hypothesis  of  spiral  motion,  if  that  motion  might  be  assumed 
to  be  sinistrorsian  when  the  direction  of  the  current  is  from  the 
zinc  to  the  copper.  But  this  supposition  is  inadmissible,  be- 
cause experiment  taken  in  conjunction  with  the  theory  shows 
conclusively  that  either  the  current  is  irom  the  zinc  to  the  cop- 
per and  the  spiral  motion  dextrorsum,  or  from  the  copper  to  the 
zinc  and  the  sj)iral  motion  sinistrorsum;  but  neither  theory 
nor  exj)erimcut  appears  at  present  to  be  capable  of  deciding 
which  of  these  laws  is  the  true  one.  In  any  case  the  inconsistent 
statements  of  experimental  results  I  have  referred  to,  which  have 
caused  me  a  great  deal  of  perplexity,  require  to  be  rectified. 

All  the  other  cases  of  Oersted's  experiment  may  be  similarly 
explained  by  the  hydrodynamical  theory  on  the  same  hypotheses. 

35.  One  of  the  most  remarkable  phenomena  relating  to  mag- 
netism is  the  effect  which  a  mass  of  copper  in  the  neighbourhood 
of  a  magnetic  needle  has  uj)on  tiie  number  and  extent  of  its  vi- 
brations. The  hydrodynauiical  theory,  combined  with  a  simple 
magneto-galvaiiie  law  established  experimentally  by  Faraday, 
offers  the  following  explanation  of  this  fact  and  of  others  of 
the  same  class.  Faraday  fouiul  that  when  a  plate  of  copper 
(1  )r  inch   wide,  }   of  an  inch  thick,  and   12  inches  long)   was 
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jtlaccJwith  its  faces  at  right  angles  to  tlic  line  of  junction  of  tlic 
poles  of  a  powerful  horseslioe  magnet,  and  the  terminals  of  a 
galvanometer  were  put  in  contact  with  the  long  edges,,  a  galvanic 
current  was  developed  as  soon  as  the  plate  was  caused  to  move 
transversely  to  the  magnetic  current  (Phil.  Trans.  1833,  p.  151). 
Now,  according  to  hydrodynamics,  the  displacement  of  the 
rcther  by  the  finite  spherical  atoms  of  the  copper  in  motion 
would  give  rise  to  a  stream  of  rcther  in  the  opposite  direction,  due 
to  the  reaction  of  the  unlimited  fluid  mass.  Hence,  conceiving 
the  plate  to  be  held  with  its  faces  horizontal  and  the  long  edges 
parallel  to  the  meridian,  on  moving  it  northivard  or  southwanl  a 
southward  or  northward  current  would  be  produced,  which  would 
coexist  with  the  original  magnetic  current.  The  galvanometer, 
in  fact,  indicates  that  under  these  circumstances  a  galvanic  cur- 
rent is  generated,  which  flows  from  one  of  the  long  edges  of  the 
])late  and  completes  the  circuit  by  entering  at  the  opposite  edge. 
It  follows  from  this  fact,  taken  in  conjunction  with  the  theory, 
that  the  motions  in  rectangular  directions  of  the  tw^o  above- 
mentioned  currents  are  partially  converted  into  dextrorsum  cir- 
cular motion  parallel  to  the  meridian,  and  that  this  effect  is 
attributable  to  the  molecular  constitution  or  arrangement  of  the 
atoms  of  the  copper,  although  theory  is  at  present  incapable  of  as- 
certaining the  exact  modus  operandi. 

36.  It  is  also  found  by  experiment  that  if  the  magnet  be 
moved  and  the  copper  be  stationary,  a  galvanic  current  is  equally 
produced.  This  fact  appears  to  admit  of  the  following  explana- 
tion. The  magnetic  current  and  its  lines  of  motion  neces- 
sarily partake  of  the  motion  of  the  magnet.  Hence  relatively 
to  the  stationary  atoms  of  the  copper  the  current  is  a  composite 
one,  the  horizontal  component  of  which  flows  in  the  direction  of 
the  motion  of  the  magnet  and  with  the  same  velocity.  Now,  by 
hydrodynamics,  this  horizontal  stream  generates,  by  reason  of 
the  contraction  of  channel  by  the  atoms  and  the  inertia  of  the 
fluid  mass,  a  secondary  stream  flowing  in  the  same  direction  as 
the  stream  itself.  Thus,  besides  the  vertical  current,  there  is  a 
horizontal  current  flowing  in  the  direction  of  the  magnetos  actual 
motion,  and,  therefore,  m  the  direction  contrary  to  that  of  the 
virtual  motion  of  the  copper  relative  to  the  magnet.  Conse- 
quently the  conditions  for  generating  galvanic  currents  are  ex- 
actly the  same  in  this  case  as  when  the  copper  was  moved  and 
the  magnet  was  at  rest. 

37.  On  the  principles  thus  established  we  may  proceed  to 
explain  the  whole  of  the  class  of  phenomena  which  depend  on 
the  relative  motion  between  a  magnet  and  a  mass  of  coj)per. 
But  for  this  purpose  it  will  be  necessary  to  ascertain  previously 
the  direction  of  the  flowing  of  the  current  in  Faraday's  elemeu- 
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tary  experiment  above  tlescriljcd.  This  point  is  left  in  ambi- 
guity by  the  experiments,  as  not  admitting  probably  of  being 
decided  except  by  the  combination  of  experiment  with  a  true 
theory.  The  present  theory  furnishes  for  deciding  it  the  fol- 
lowing considerations. 

38.  In  the  description  of  the  fundamental  experiment  Faraday 
states  (referring  to  lig.  16  in  plate  iii.  j).  131,  of  the  Phil, 
Trans,  for  1832)  that  "when  the  galvanometer-needle  was  de- 
flected, its  north  or  marked  end  passed  eastward,  indicating  that 
the  wire  A  received  negative  and  the  wire  B  positive  electri- 
city." As  the  wire  A  belongs  to  the  terminal  applied  to  the 
eastern  edge  of  the  plate  and  the  wire  13  to  that  applied  to  the 
ivestern  edge  (the  two  wires  being  in  fact  a  single  wire  consti- 
tuting the  circuit),  I  was  led  by  the  above  statement  to  suppose 
that  the  current  proceeded  out  of  the  ])late  on  the  ivest  side  and 
entered  it  on  the  east  side  (Principles  of  Physics,  p.  636). 
But  on  the  assumption  that  the  spiral  motion  of  the  galvanic 
current  has  been  correctly  determined  by  the  foregoing  argu- 
ment to  be  dextrorsum,  the  truth  of  that  supposition  can  be 
tested  as  follows  by  the  observed  direction  of  the  displacement 
of  the  galvanometer-needle.  The  wire  proceeding  from  the 
western  edge  was  made  to  pass  beneath  the  needle  in  the  direc- 
tion from  south  to  north.  Hence  the  circular  motion  about  the 
rheophorc  would  conspire  on  the  west  side  of  the  north  end  of 
the  needle  with  the  entering  magnetic  streams  resolved  perpen- 
dicularly to  the  axis  of  the  needle,  and  be  opposed  to  them  on 
the  east  side.  Thus  there  would  be  an  excess  of  pressure  on  the 
east  side,  and  the  deflection  would  be  ivestioard.  But  Faraday 
says  that  the  marked  end  "  passed  eastward."  It  must  there- 
fore be  concluded,  in  order  to  reconcile  the  theory  with  experi- 
ment, that  the  direction  of  the  current  is  the  reverse  of  that  as- 
sumed, proceeding  out  of  the  east  side  and  entering  at  the  west 
side.  It  is  true  that  the  fact  and  theory  would  agree  if  the 
spiral  motion  might  be  assumed  to  be  sinistrorsum ;  but  the 
previous  argument  is  opposed  to  this  supposition.  There  re- 
mains, therefore,  only  the  inference  that  the  current  actually 
flows  along  the  rheophore  from  the  cast  to  the  west  side  of  the 
plate.  Moreover,  as  will  presently  be  shown,  the  phenomena 
of  the  mutual  action  between  a  magnet  and  a  mass  of  coj)])er 
relatively  in  motion  are  explainable  by  the  theory  only  in  case 
the  current  has  this  direction,  which  will  at  least  give  evidence 
of  the  consistency  of  the  theory  with  itself. 

39.  Let  us  take  the  case  of  a  circular  jilate  of  copper  placed 
under  a  magnetic  needle  and  caused  to  rotate  about  an  axis  co- 
incident vvitii  tliat  of  the  magnet,  and  let  the  direction  of  rota- 
tion be  from  west  through  north  to  east,  or  that  of  the  move- 
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ment  of  the  bands  of  a  watch.     Then  conceiving  at  first  the 
copper  to  be  at  rest,  let  the  magnetic  streams  which  pass  through 
it,  as  well  those  of  the  magnet  as  the  terrestrial  streams,  be  re- 
solved into  components  parallel  and  perpendicular  to  the  faces 
of  the  plate.     It  is  clear  that  the  vertical  component  of  the 
terrestrial  magnetism  can  have  no  rotational  eflfcct ;  and  the 
same  is  the  case  with  respect  to  the  horizontal  components  of 
both  kinds,  inasmuch  as  these  only  give  rise  to  vertical  galvanic 
currents,  the  effects  of  which,  as  regards  rotation,  neutralize 
each  other.     We  have,  therefore,  only  to  consider  the  vertical 
components  of  the  magnet's  streams.     Now  as  these  streams 
enter  the  needle  at  the  north  end  and  the  needle  is  above  the 
copper,  the  vertical  components  will  flow  upwards  at  that  end. 
Again,  the  copper  being  now  supposed  to  rotate  in  the  direction 
above  stated,  since  the  motion  of  the  parts  under  the  north  end 
is  eastward,  the  secondary  or  induced  stream  will  flow  ivestward. 
Comparing,  therefore,  these  circumstances  with  the  case  of  the 
elementary  experiment  in   which,  when  the  magnetic  current 
flowed  upwards  and  the  induced  current  southward,  the  resulting 
galvanic  current  flowed  eastward  (see  art.  38),  it  will  appear,  by 
imagining  the  horizontal  directions  to  be  turned  through  90°,  that 
in  the  actual  case  the  galvanic  current  flows  southward.    With  re- 
pect  to  what  takes  place  at  the  south  end,  we  have  to  consider  that 
the  vertical  components  of  the  magnet's  issuing  streams  pass 
through  the  copper  doivnwards,  and  that  the  direction  of  the  in- 
duced streams  is  changed  from  westward  to  eastward.     Each  of 
these  changes  (as  was  shown  by  Faraday's  experiments)  causes 
a  reversion  of  the  direction  of  the  galvanic  current,  and  conse- 
quently the  direction  is  southward  at  the  soutb  end  as  well  as  at 
the  north  end. 

After  this  determination  we  have  only  to  inquire  what  effect 
a  southward  galvanic  current  has  on  a  magnetic  needle  above  it. 
The  spiral  motion  being  dextrorsum,  the  circular  motion  will 
conspire  with  the  entering  streams  at  the  north  end  on  the  east 
side,  and  be  opposed  to  them  on  the  ivest  side.  Hence  the  north 
end  will  be  driven  eastivard,  that  is,  in  the  direction  of  the  motion 
of  the  disk.  So  the  circular  motion  will  be  opposed  to  the  issu- 
ing streams  at  the  south  end  on  the  east  side  and  conspire  with 
them  on  the  icest  side,  and  the  south  end  will  consequently  be 
urged  ivestward — that  is,  again  in  the  direction  of  the  motion  of 
the  disk.  These  results  agree  with  the  known  facts  of  the  ex- 
periment ;  and  this  agreement,  it  is  to  be  noticed,  depends  uj)on 
the  foregoing  inference  respecting  the  dii'cction  of  the  induced 
galvanic  current. 

40.  All  the  other  instances  of  the  mutual  action  between 
a  magnet  and  copper  relatively  in  motion  may  be  referred  to  the 
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same  princijjlcs  as  those  adopted  and  exemplified  in  the  foregoing 
case ;  and  their  phenomena  may  be  simihirly  aceounted  for. 

41.  To  complete  this  review  of  the  Hydrodynamical  Theory  of 
IMagnetisni,  it  remains  to  discuss  and  correct  the  theoretical  ex- 
planations I  have  ])roposed  respecting  certain  phenomena  of  Terres- 
trial Magnetism.  At  the  endof  the  article *' On  Atmos])heric Tides" 
in  the  Number  of  the  Philosophical  Magazine  for  January  1872,. 
I  have  intimated  my  abandonment  of  the  hypothesis  that  the 
lunar- diurnal  variation  of  terrestrial  magnetism  is  attributable 
to  gradations  of  density  of  the  atmosphere  produced  by  the  moon's 
gravitational  attraction.  Having  in  that^article  succeeded  in  sol- 
ving with  sufficient  generality  the  problem  of  the  disturbance  of 
the  atmosj)here  by  the  moon,  I  found  that  neither  the  law  nor  the 
amount  of  the  gradation  of  density  due  to  the  moon''s  attraction 
could  account  for  the  facts  of  the  lunar-diurnal  variation.  Being 
thus  compelled  to  seek  for  another  explanation,  I  reconsidered  the 
views  advanced  in  my  first  essay  towards  a  theory  of  magnetism 
published  in  the  Numbers  of  the  Philosophical  Magazine  for 
January  and  February  18G1,  and  have  come  to  the  conclusion  that 
the  gyratory  motions  of  the  aither  there  attributed  to  the  rotations 
of  the  bodies  of  the  sun,  moon,  and  planets  about  axes  are  strictly 
deduced  from  the  physical  principles  on  which  the  theory  is 
founded,  and  must  accordingly  be  regarded  as  necessary  conse- 
quences of  the  hypotheses  of  the  theory.  In  fact  1  do  not 
think  that  I  could  say  on  this  part  of  the  subject  any  thing  dif- 
ferent from  what  is  said  in  arts.  27-30  contained  in  the  February 
Number,  which,  after  giving  this  reference,  I  consider  it  unneces- 
cessary  to  reproduce  here. 

42.  With  respect  to  all  magnetism  which  has  a  cosmical ox'x^m, 
the  view  that  I  now  take  is  that  it  is  due  to  gyrations  of  the 
tether  produced  by  the  impulses  it  receives  from  the  motions  of 
the  constituent  atoms  of  the  bodies  of  the  solar  system.  The 
gyrations  may  either  be  immediately  generated  by  the  rotations 
of  the  bodies  about  their  axes,  or  indirectly  result  from  disturb- 
ances of  the  aether  caused  by  their  motions  of  translation.  Ac- 
coi'ding  to  hydrodynamics,  the  motion  of  translation  of  a  mass 
constituted  atomicaliy  (as  stated  in  art.  1)  will  continually  im- 
press on  the  tether  motions  whose  mean  direction  is  at  the  iirst 
instant  directly  covlrary  to  that  of  the  motion  of  the  mass. 
This  impressed  motion  will  Ijc  subsequently  converted  into  cir- 
culating or  gyratory  motion,  because,  according  to  the  argument 
in  art.  10,  there  can  be  no  permanent  transfer  of  any  jjortiou  of 
the  retherial  fluid  across  any  fixed  unlimited  plane.  Such  cir- 
cuhiting  motions  will  necessarily  partake  of  the  motions  of  trans- 
lation of  the  bodies  which  generate  them,  so  as  to  have  always 
the  same  geometrical  relations  to  these  bodies,  provided  their 
motions  be  uniform. 
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43.  Accordingly  the  moon,  since  it  completes  relatively  to  the 
jether  at  rest  a  revolution  abont  its  axis  in  a  month,  will  gene- 
rate gyrations,  the  effect  of  which  might  possibly  extend  to  the 
earth,  and  be  perceived  as  a  very  small  variation  of  terrestrial 
magnetism.     But  as  these  gyrations  are  in  the  direction  of  the 
moon^s  revolution  about  her  axis,  it  will  be  found  on  trial  that 
the  disturbances  of  the  magnetic  needle  which  they  produce  are 
not  in  accordance  with  the  observed  law  of  the  lunar-diurnal 
variation  of  magnetism.     AVlien,  however,  the  effect  of  the  dis- 
turbance of  the  sether  by  the  moon^s  orbital  motion  is  considered, 
it  will  be  seen  that  as  the  impressed  motion  is  tangential  to  the 
orbit  and  contrary  in  direction  to  that  of  the  moon's  motion,  the 
generated  circulating  motion  that  reaches  the  earth  will  he  from 
the  right  hand  to  the  left  of  a  spectator  on  the  earth  looking 
towards  the  moon,  and  therefore  in  the  direction  opposite  to  that 
of  gyrations  resulting  from  the  moon's  rotation  about  her  axis. 
Also  their  effect^  it  may  be  presumed,  would  be  much   greater 
than  that  of  these  gyrations.     Now  the  circulating  streams  pro- 
duced as  above  stated  by  the  moon's  orbital  motion  would  dis- 
turb the  magnetic  needle  in  a  manner  conformable  with  the  law 
of  the  lunar-diurnal  variation  ascertained  by  observation.     For 
when  the  magnet  is  on  the  meridian  and  under  the  moon,  these 
streams,  flowing  eastivat'd,  would  oppose  the  needle's  entering 
streams  at  its  north  end  on  the  east  side,  and  the  issuing  streams 
at  its  south  end  on  the  icest  side,  so  that  by  both  actions  the 
western  declination  would  be  ina'eased.     The  variation  of  the 
declination  in  any  other  position  of  the  needle  relative  to  the 
moon  might  on  these  principles  be  readily  investigated;  and  it 
is  easy  to  see  that  according  to  this  theory  there  would  be  two 
maxima  and  two  minima  of  declination  in  the  course  of  twenty- 
four  lunar  hours.     These  deductions  agree  with  the  results  of 
observation  given  in  p.  (ccxliii)  of  the  Greenwich  Observations  of 
1867. 

44.  The  solar-diurnal  variations  of  magnetism  follow  a  differ- 
ent law,  there  being  but  one  principal  maximvun  in  the  course  of 
twenty-four  hours.  This  fact  is  accounted  for  by  the  circum- 
stance that  the  sun's  heat  produces,  catcris  paribus,  a  gradual 
diminution  of  the  density  of  the  atmosphere  in  all  directions 
converging  to  the  position  of  greatest  heat,  it  being  assumed, 
conformably  with  the  argument  in  article  4,  that  such  grada- 
tion of  densit)',  in  consequence  of  its  extending  over  a  large 
space,  is  capable  of  generating  magnetic  streams  of  sensible  mag- 
nitude. So  far  as  this  cause  operates,  we  might  expect  that 
there  would  be  magnetic  effects  due  to  the  rapid  changes  of  tem- 
perature and  of  atmospheric  density  in  the  day-time  of  a  more 
decided  character  than  any  due  to  the  slower  changes  in  the 
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night-time  ;-<aiul  this  anticipation  is  confirmed  by  observation. 
But  l)csidcs  the  magnetic  variations  clue  to  changes  of  the  tem- 
perature and  density  of  the  atmosphere,  we  may  suppose  that 
effects  arc  i)roduccd  by  solar  gyrations  analogous  to  those  attri- 
buted above  to  lunar  gyrations.  This  cause  might  modify  the 
epoch  of  day-maximum  (which,  as  observation  shows,  does  not 
occur  tit  the  hottest  time  of  the  day),  and  might  also  account  for 
what  has  been  called  the  nocturnal  episode.  As  to  the  reality  of 
the  solar  gyrations,  I  consider  that  we  have  ocular  evidence  in 
the  phenomenon  of  the  zodiacal  light ;  for,  according  to  the  ar- 
gument maintained  in  arts.  13  and  14,  the  rays  which  render 
the  zodiacal  light  visible  might  originate  in  a  collision  between 
the  gyratory  motion  and  vibrations  of  different  orders  propagated 
from  the  sun,  without  its  being  necessary  to  suppose  that  matter 
other  than  the  aether  exists  at  points  from  which  the  rays  pro- 
ceed. It  has  been  established  by  observation  that  the  zodiacal 
light  extends  beyond  the  radius  of  the  earth^s  orbit  (see  an 
article  in  the  Phil.  Mag.  for  February  1863). 

45.  The  foregoing  considerations  enable  me  now  to  state  the 
cause  alluded  to  in  art.  6,  to  which  I  conceive  that  minute  an- 
nual inequalities  of  Dip,  Total  Force,  and  Declination  might  be 
attributed.  Let  it  be  admitted  that  the  solar  gyrations  ])roduce 
a  sensible  magnetic  effect  at  the  earth's  distance  from  the  sun. 
Then  on  the  supposition  that  the  gyrations  are  in  circles  sym- 
metrically disposed  relatively  to  the  jdane  of  the  ecliptic  (which 
must  approximately  be  the  case),  it  will  follow  that  the  magnetic 
effect  varies  wdth  the  earth's  varying  distance  from  the  sun,  being 
less  as  the  distance  is  greater.  Inequalities  thus  produced  would 
be  the  same  for  the  northern  as  for  the  southern  hemisphere, 
agreeing  in  that  respect  with  the  small  annual  inequalities  wiiich, 
as  stated  in  art.  6,  General  Sir  E.  Sabine  has  deduced  from  ob- 
servation. 

46.  On  the  hydrodynamical  principles  which  have  been  ap- 
plied in  the  foregoing  explanations,  I  make  the  following  sug- 
gestion relative  to  the  cause  of  the  secular  variations  of  ter- 
restrial magnetism.  From  what  has  been  already  argued  (art. 
42),  the  motions  immediately  impressed  on  the  ictlier  by  the 
earth's  constituent  atoms  in  consequence  of  its  rotatory  and  or- 
bital motions,  result  in  circulating  motions  which,  if  the  earth 
moved  uniformly  in  a  rectilinear  course,  would  be  steady  motions 
having  always  the  same  geometrical  relations  to  the  position  of  the 
earth's  centre.  But  the  earth  moves  with  varying  velocity  in  a 
curved  |)ath.  Assuming,  therefore,  that  the  system  of  circulating 
motions  always  tends  to  be  steady  and  to  maintain  a  rectilinear 
course,  it  is  conceivabh;  that  there  may  be  continual  minute  shift- 
ings  of  the  axis  of  the   system  in  directions  transverse  to  the 
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orbital  motion  and  towards  the  tangential  direction,  analogous 
in  some  degree  to  the  shifting  of  the  earth's  axis  by  precession 
and  nutation.  Such  displacements  of  the  axis  of  the  gctherial 
movements  would  cause  it  to  take  positions  relative  to  the  earth 
continually  more  ivesterly. 

47.  I  take  this  opportunity  for  rectifying  an  opinion  respect- 
ing earth-currents  which  I  have  expressed  in  a  note  in  p.  653  of 
my  work  on  the  '  Principles  of  Physics.'  Since  the  note  was 
written  1  have  learnt  from  the  Greenwich  Observations  that 
magnets  and  the  galvanometers  employed  as  indicators  of  earth- 
currents  are  simultaneously  affected  only  by  larf/e  magnetic  dis- 
turbances, and  that  generally  no  correspondences  exist  between 
small  magnetic  variations  and  the  indications  of  the  galvanome- 
ters. It  does  not  appear,  therefore,  that  earth-currents  and 
terrestrial  magnetism  have  any  special  rehition  to  each  other, 
the  effect  of  the  large  magnetic  disturbances  on  the  earth-current 
being  only  an  instance  of  the  ordinary  mutual  action  between  a 
galvanic  current  and  a  magnetic  current. 

Having  completed  this  review  of  the  hydrodyuamical  theory 
of  magnetism,  I  think  I  may  say  that  it  is  now  supported  by 
arguments  which  should  command  the  attention  of  physicists. 
Considering  the  number  and  variety  of  the  explanations  of  phe- 
nomena it  gives,  which  in  fact  might  have  been  much  ex- 
tended, I  do  not  see  how  the  inference  that  the  facts  of  mag- 
netism are  referable  to  hydrodyuamical  laws  can  be  resisted. 

Cambridge,  April  19,  1872. 


LII.   On  the  Moon  seen  by  the  naked  Eye. 
By  Samuel  Sharpe,  Esq. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 
SHOULD  like  to  be  allowed  to  lay  the  following  conjectures 
before  your  readers.     The  opinions  may  not  be  true,  and 
may  not  be  new ;  but  if  new  they  seem  worth  consideration. 
1st.  As  to  the  moon's  atmos})here. 

On  looking  at  the  new  moon,  when  about  two  days  old,  with 
the  naked  eye  on  a  clear  evening,  we  see,  first,  the  thin  crescent, 
l)eing  that  portion  of  the  moon  which  enjoys  sunshine ;  then  the 
larger  portion,  nearly  circular,  dimly  lightened  up  by  earthshine. 
But  the  edge  of  the  moon  which  is  furthest  from  the  bright 
crescent  is  also  slightly  illuminated.  Now  this  portion  of  the 
moon  seems  to  be  in  the  twilight,  illuminated  by  the  sun's  rays 
rejected  from  its  own  possible  atmosphere.  Though  astronomers 
have  not  detected  such  an  atmosphere  by  an  eflcct  on  a  star  when 


-138 


]\Ii',  Ix.  W.  MVmsoii' a  Examination  of  the 


occulted^  yet  tlic  above-mentioned  appearance  seems  to  prove  its 
existence. 

2nd.    As  to   the   enlarged  appearance  of  the  moon  in   the 
horizon. 

Let  the  smaller  semi- 
circle E    represent   the 
earth.       On  the  larger 
semicircle  draw  two  small 
lincsj  A  and  B,  of  equal 
length,  for  the  diameter 
of  the  moon  at  two  dif- 
ferent altitudes.     From 
the  extremities  of  these 
small  lines  draw  conver- 
ging lines  to  the  eye  of  the  spectator  on  the  earth's  surface.    Now 
the  astronomer,  measuring  the  moon's  diameter  whh  his  qua- 
drant, finds  that  the  moon  in  the  horizon  at  A  is  smaller  than  the 
moon  at  B,  as  might  be  exjjected,  because  it  is  further  off;    but 
to  the  naked  eye  it  always  appears  the  larger  of  the  two.     This, 
I  think,  may  be  explained  by  remarking  that  on  a  fine  niglit  the. 
vault  of  heaven  never  appears  like  half  a  globe,  but  is  very  much 
flattened  over  head.     The  effect  of  the  atmosphere  is  to  make 
the  stars  in  the  zenith  seem  nearer  to  us  than  the  stars  in  the 
horizon.     Let  us  draw  such  a  flattened  vault  within  our  larger 
semicircle,  and  the  small  arcs  a  and  b,  intercepted  by  the  lines 
drawn  from  A  and  B  to  the  spectator's  eye,  will  novv^  represent 
our  two  moons  on  the  apparent  vault  of  heaven.     Of  these  it 
will  be  seen  that  a,  the  moon  near  the  horizon,  is  larger  than 
b,  the  moon  at  a  higher  altitude,  agreeably  with  the  appearance 
in  the  heavens. 

Yours  obediently, 
G:?  Ilighljiuy  riace,  SaMUKL  SiiaKPE. 

13th  May,  1672. 


T>Jn.  An  Eccomination  of  the  recent  attack  upon  the  Atimiic 
Theory.  By  K.  AV.  Atkinson,  F.C.S.,  Assiatant  in  the  Che- 
mical Laboratory,  University  College^. 

ASIIOBT  time  ago  a  jiajier  was  read  by  Dr.  AVright  before 
the  ('iicmieal  Society,  and  subsequently  appeared  in  the 
Ajiril  Number  of  the  riiilosophical  Magazine,  entitled  "On  the 
Kelations  between  the  Atomic  llyj)othesis  and  the  Coiulensed 
Symbolic  ]']x])ressions  of  Chemical  Facts  and  Changes  known  as 


*   CuiiuiHiiiicated  liy  the  Aiillior. 
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Dissected  (Sti-uctural)  Formulai/'  in  which  lie  attempts  to  prove 
that  "  the  conceptions  involved  in  the  atomic  hypothesis  are 
both  unnecessary  and  insufficient.'^  The  following  remarks  are 
intended  to  show  that  whenever  the  author  has  the  choice  of 
two  ideas,  he  invariably  selects  the  one  in  accordance  with  the 
atomic  theory,  thus  himself  refuting  the  assertion  that  it  is  un- 
necessary. The  answer  to  the  argument  of  insufficiency  is  that 
the  theory  is  a  growing  one,  not  one  which  has  reached  its  limit ; 
and  the  fact  that  nothing  has  been  discovered  which  is  inconsis- 
tent with  it  is  strong  evidence  in  favour  of  its  truth. 

After  defining  the  terms  "  volume  "  and  "  vapour-density,'^ 
the  author  deduces  the  volumetric  ratio  of  the  gaseous  consti- 
tuents of  a  compound  from  its  composition,  its  vapour-density, 
and  the  densities  of  its  constituents.  He  then  asserts  that "  ex- 
periment shows  that  a  volume  of  the  vapour  of  almost  all  gase- 
iiable  compounds  contains  the  gaseliable  elements  in  the  propor- 
tion of  1,  ir,  4,  4,  4,  .  .  .  .  volumes.''^  Taking  at  random  one  of 
the  most  recent  determinations,  including  all  the  data  required^ 
let  us  see  whether  the  volumetric  ratio  of  the  constituents  of  the 
oxychloride  of  tungsten  conforms  to  this  so-called  experimental 
law.     Analysis  gave  the  percentage  numbers  : 

Tungsten  .  .  =  53-89 
Chlorine  .  .  .  =  4.M1 
Oxygen     .     .     .     =    5-00 

100-00 

Vapour-density  from' four  experiments  =172"4'.  These  num- 
bers show  that  one  volume  of  the  oxychloride  contains  0-539 
volume  of  oxygen  and  1-996  volume  of  chlorine;  that  is,  the 
oxygen  occurs  in  the  ratio  j^  or  'f.,  and  the  chlorine  in  the 
ratio  ^---.  These  numbers  approach  the  ratios  respectively 
i  and  4 ;  but  they  differ  sufficiently  from  them  to  compel  us  to 
adopt  one  of  the  alternatives,  either  they  arc  the  correct  num- 
bers or  they  are  not.  If  they  are  the  correct  numbers,  then  the 
elements  do  not  combine  in  definite  volumetric  ratios ;  if  they 
are  not,  then  in  corrcctnig  them  wc  assume  the  atomic  theory. 
The  theory  of  the  atomic  constitution  of  matter  leads  us  to  reject 
the  experimental  numbers  and  to  adopt  the  simple  ratios;  but 
if  we  reject  that  theory,  we  are  bound  to  retain  the  numbers  ob- 
tained by  experiment.  The  assertion  of  Dr.  Wright,  that 
vapours  contain  the  elements  in  simple  ratios,  shows  that  he 
does  not  accept  the  first  alternative,  and  consequently  that  he 
adopts  (unconsciously  no  doubt)  the  atomic  theory  to  account 
for  the  discrepancy 'between  the  theorctica>  and  experimental 
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numbers.  Hence  it  follows  that  in  adopting  two  volumes  as  the 
unit  of  volume  for  compound  vapours,  which  depends  upon  this 
assumption,  he  also  makes  use  of  atomic  ideas  ;  and  upon  this, 
again,  he  founds  his  definition  of  "  combining  numbers." 

Dr.  Wright  refers  to  the  law  of  multiple  proportions  as  one 
of  the  facts  of  chemistry.  Experiment,  however,  does  not  lead 
to  numbers  which  are  multiples  of  his  ''combining  numbers." 
Thus,  referring  again  to  Roscoe's  researches  on  the  tungsten 
compounds,  there  are  four  chlorides  described ;  and  analysis 
shows  that  for  100  parts  of  the  metal  they  contain  the  following 
amounts  of  chlorine  : — 


W. 

CI. 

1. 

100      . 

.     .     36-1 

2. 

})        • 

.     .     73-8 

3. 

4. 

.     ,     95-4 
.     .  114-7 

or  the  ratio  of  the  amounts  of  chlorine  is 

1  :  204  :  2-64  :  31 8, 
or 

2  :  4-08  :  5-28  :  6-36. 

From  this  example  it  will  be  seen  that  the  law  of  multiple 
proportions  cannot  be  termed  an  experimental  fact.  In  order  to 
adopt  the  law,  we  must  assume  that  these  numbers  arc  incor- 
rect, and  replace  them  by  others  which  agree  with  the  atomic 
theory.  But  in  admitting  the  existence  of  this  law.  Dr.  Wright 
does  at  the  same  time  make  use  of  the  atomic  explanation  to 
account  for  the  differences  between  the  experimental  and  theo- 
retical numbers. 

We  have  seen  the  assumption  involved  in  Dr.  Wright's  defi- 
nition of  "combining  number;"  but  even  after  making  it,  the 
rule  does  not  always  lead  to  the  number  in  use.  Thus  the 
vapour-density  of  ferric  chloride  would  lead  to  the  "  combining 
number"  for  iron  112,  and  that  of  aluminic  chloride  to  the 
number  55.  These  examples  speak  for  themselves  as  regards 
the  value  of  the  rule  given  for  the  determination  of  the  atomic 
weights  of  those  elements  which  form  volatile  compounds. 

For  the  determination  of  the  "combining  number"  of  non- 
volatile elements  the  rule  given  is  even  more  fallacious.  In  the 
following  Tabh;  are  given  the  "combining  numbers"  of  some 
elements  which  form  volatile  compounds,  their  specific  hcfits,  and 
the  products  of  the  two  numbers. 
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Comb.  no. 

Specific  heat. 

a. 

b. 

uXb. 

Carbon     . 

.      13 

0-117 

1-76 

Oxygen    . 

.     16 

0-155 

3-48 

Boron 

.     11 

0-35 

2-75 

Chlorine  . 

.     35-5 

0093 

3-3 

Sulphur   . 

.     33 

0-103 

5-33 

Phosphorus 

.     31 

0-174 

5-39 

Arsenic 

.     75 

0-0814 

6-11 

Antiniony_ 

.  123 

00523 

6-38 

Llercuiy  . 

.  200 

0-0319 

G-38 

Aluminium 

.     55 

0-2143 

11-74 

Iron    . 

.  113 

0-1138 

12-74 

Would  it  not  seem  that  the  numbers  in  the  fourth  column 
are  too  variable  to  serve  as  a  foundation  for  the  determination  of 
"  combining  numbers?  "  It  is  true  that  Dr.  AVright  would  ex- 
cept oxygen  and  chlorine  from  this  list  on  account  of  difference 
of  physical  condition ;  but  what  about  the  other  members,  which 
vary  from  1-76  to  12-74  ?  Examples  are  not  needed  to  show  the 
fallacy  of  relying  upon  this  fact  alone  for  the  determination  of 
atomic  weights ;  its  use  consists  in  deciding  between  equivalent 
weights  and  multiples  of  those  weights. 

Dr.  Wright  says  that  "the  term  combining  number  is  ex- 

tended  to  relative  numbers  apinoximatehj  equal  to  -^."     What 

is  this  but  an  admission  of  the  worthlessness  of  his  rule ;  for  in 
the  determination  of  such  number  approximations  are  not 
sufficient  ? 

In  assigning  to  oxygen  the  "combining  number''  16,  the 
author  admits  that  in  no  compound  do  less  than  two  equivalents 
of  that  element  exist ;  that  is,  that  that  weight  of  oxygen  is  indi- 
visible. In  the  same  manner  he  allows  the  twelve  parts  by 
weight  of  carbon  to  be  indivisible.  But  the  admission  of  indi- 
visibility is  at  the  same  time  an  admission  of  the  existence  of 
atoms,  which  he  professes  to  dispense  with,  or  to  regard  as 
unnecessary.  The  notion  of  atoms,  however,  cannot  be  unne- 
cessary if  Dr.  Wright  is  obliged  to  make  use  of  it,  as  it  is  evi- 
dent he  is. 

Dr.  Wright  defines  a  radical  to  be  "  one  or  more  symbols  and 
suffixes  transferable  from  one  formula  to  another;"  and  in 
another  place  he  says,  "  the  passage  of  a  given  quantity  of  elec- 
tricity through  an  electrolyte  causes  the  evolution  of  equivalent 
quantities  of  the  radicals  into  which  it  decomposes  the  electro- 
lyte, no  matter  what  be  the  nature  of  the  electrolyte.''  ^V'hat 
does  the  author  mean  by  equivalent  quantities  of  an  assemblage 
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of  symbols  and  snfiixL:?  ?  lie  repeats  liis  definition  of  a  radical 
when  he  describes  what  he  means  by  valency,  which  term,  he 
says,  "is  apjjlied  to  the  radical  to  nidicate  the  quotient  obtained 
by  dividing  the  combining  number  of  the  radical  by  its  equivalent 
in  the  particular  reaction  in  question/'  implying  by  this  that 
valency  is  a  function  of  an  assemblage  of  symbols  ! 

The  author  quotes  Wurtz's  definition  of  an  atom  and  a  mole-- 
cule  to  show  that  there  are  two  senses  in  which  the  term  "  atom  " 
may  be  employed.  He  says  that  "  in  one  sense  the  atom  is  a 
finite  portion  of  matter  of  given  weight,  and  hence  possessed  of 
dimensions  in  space,  mass,  and  time,''  whatever  the  latter  part 
of  the  sentence  may  mean.  In  the  other  sense  he  describes  the 
atom  to  be  "  a  pure  number  possessed  of  no  dimensions  in  space, 
mass,  and  time.^'  It  would  probably  astonish  Dr.  Williamson 
to  learn  that  he  looked  upon  an  atom  as  a  pure  number.  ]\Ia- 
thematicians  have  not  yet  discovered  that  it  is  a  property  of 
pure  numbers  to  combine  in  definite  proportions. 

Dr.  Wright  says  that  the  generalization  of  multiple  propor- 
tions "  is  not  identical  with  the  hypothesis  of  the  existence  of 
material  atoms,  advanced  to  account  for  the  facts  summed  up  in 
the  generalization  ;  and  to  say  that  the  law  has  no  existence 
apart  from  the  atomic  hypothesis  is  to  give  a  meaning  to  the 
term  atom  different  from  that  attributed  to  it  by  Dalton.''^  It 
has  been  shown  above  that  the  law  of  multiple  proportions  is 
not  an  experimental  fact ;  it  is  only  assumed  when  the  discre- 
pancy between  the  theoretical  and  observed  numbers  is  accounted 
for  by  the  use  of  the  atomic  theory. 

Thus  it  follows  that  the  method  of  finding  the  formula  of  a 
body  from  its  percentage  composition,  being  a  deduction  from 
Dalton's  law,  is  also  based  upon  the  notion  of  the  existence  of 
atoms.  Dr.  Wright's  analysis  of  the  hydrobroraate  of  bromo- 
codeiue  would  lead  him  to  the  formula 

C'^'H^'^Br'-'NO, 

containing  fractions  of  atomic  Aveights,  instead  of  the  formula 
be  adopts, 

C18H21 131-2  NO'2; 

but  instead  of  accepting  the  numbers  obtained  by  experiment, 
he  rejects  them,  and  takes  the  nearest  numbers  whicli  yield  a 
formula  containing  only  integral  multij)les  of  atomic  weights. 
This  shows  that  when  an  opportunity  is  offered  to  him  of  clioos- 
ing  between  the  atomic  theory  and  its  antithesis,  whatever  that 
may  be,  he  acfc])ts  the  atomic  explanation. 

Dr.  ^\'right  does  not  touch  the  subject  of  direct  and  indirect 
combination,  althougii  this  affords  one  of  the  strongest  qualitative 
proofs  of  the  existence  of  atoms.  No  compound  is  known  of  which 
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the  molecule  consists  of  an  atom  of  hydrogen  couibiiied  only  witli 
an  atom  of  potassium  ;  but  in  the  molecule  of  caustic  potash  they 
are  so  firmly  lield  together  that  they  remain  in  combination  even 
at  a  red  heat.  Neither  the  potassium  nor  the  hydrogen  can  go 
off  with  its  share  of  the  oxygen  ;  the  latter  is  indivisible^  binding 
together  the  two  other  atoms, 

KOH. 

If,  however,  the  atom  of  oxygen  be  replaced  by  an  equivalent 
quantity  of  chlorine  (that  is,  two  atoms),  then  the  atoms  of  po- 
tassium and  hydrogen, 

KCn  CIH, 


are  separated,  each  going  off  in  combination  with  an  atom  of 
chlorine. 

Neither  does  he  attempt  to  explain  the  cause  of  isomerism, 
which  is  so  well  done  by  the  notion  of  the  existence  of  atoms  as- 
sociated in  different  relative  positions.  Perhaps  Dr.  Wi'ight 
will  yet  explain  how  he  accounts  for  the  differences  between  iso- 
meric bodies. 

It  has  now  been  shown,  I  submit,  that,  notwithstanding  the 
author's  assertion  that  the  "  conceptions  involved  in  the  atomic 
hypothesis  are  both  unnecessary  and  insufficient,"  he  yet  makes 
consistent  use  of  it  in  all  his  fundamental  positions.  This  evi- 
dence in  favour  of  the  theory  is  doubtless  unconscious  j  but  it  is 
not  the  less  weighty  on  that  account. 

LIV.  On  the  Relations  between  the  particula)'  Integrals  in  Cay- 
ley's solution  0/ Riccati's  Equation.  Bij  J.  W.  L.  Glaisher, 
B.A.,  F.R.A.S.,  Fellow  of  Trinity  College,  Cambridge^. 

IN  the  Philosophical  Magazine  for  November  1868  (S.  4. 
vol.  xxxvi.  p.  348)  Professor  Cayleyhas  given  the  solution 
of  Riccati^s  equation  in  series  which  consist  of  a  finite  number 
of  terms  in  the  intcgraljlc  cases. 

Writing  the  transformed  Riccati's  equation  in  the  form 

^^_^..-2^  =  0, (1) 

it  is  shown  that  the  four  following  scries  are  particular  integrals  : 

*  Communicated  by  the  Author. 
Phil,  Mag.  S.  4.  Vol.  43.  No.  288.  Jane  1872.         2  F 
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_Q=    1,-^,^+      (i=l)('^»-l)         .,_  ...1  = 
^(ry-J)  r/(ry- 1)29(2(/-1)  J 


i<=R  =  a7^ 


ry  +  1  (ry+l)(3ry  +  l)       .,  1   "- 

(g+l)(3y  +  l):    ^,„  .- 

^y('7  +  l)"'     '    q{q  +  l)2q{2q  +  l) 


li  q{2i+l)  =  l,  P  and  Q  are  finite  series,  and  the  complete 
integral  is  m  =  CP+C'Q,  a  finite  expression.  Similarly,  if 
5(2z  +  l)  =  — 1,  M  =  CR  +  C'S,  a  finite  expression.  This  solu- 
tion therefore  not  only  points  out  the  integrable  cases,  but  also 
exhibits  the  integral  itself,  and  on  this  account  is  preferable  to 
any  other  that  has  been  given. 

Now  suppose  q  is  unrestricted,  we  have  four  particular  inte- 
grals, P,  Q,  R,  S  j  and  since,  if  m  =  A  and  w  =  B  are  two  indepen- 
dent particular  integrals,  the  complete  integral  is  M  =  CA-t-C'B, 
it  follows  that  only  two  are  independent,  and  that  the  other  two 
are  linear  functions  of  them.  It  is  the  general  determination 
(viz.  (1)  when  q  is  not  =  ±{2i+\)-\  (2)  when  q=  {2i+l)-\ 
and  (3)  when  q=  —  (2i+ 1)~')  of  the  independence  of,  and  rela- 
tions between  P,  Q,  R,  S  which  it  is  the  object  of  this  note  to 
ascertain. 

1  A''' 

It  will  be  convenient  to  write  n  for  -  and  ^  for  —  :  the  series 

q  q 

thus  become 

L  n  — 1         {n-~\){n -2)[2  J 

^^~  r  n-i^^  (M-l)(n-2)^2  *    J     ' 

t  n+l         {7i+\){n  +  2)Jl  J 

^~V       n  +  l'^^  {n+}){n  +  2)[2        "'I'- 

If  n  be  not  of  the  form  +(2i+l),  it  will  now  be  sl.'own  that 
P  =  Q  and  U  =  S. 

The  coeflicient  of /3''  in  P  is 
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r-uJI_!^l  J_4.  ,(n-l)(n-3)...(/i-2r  +  l)l 

^     '  \\r      n- l^r-1  "*"••■  ^     ''    (n-l)(n-2)...(»i-r)ir      / 

_  {-\Y  r(n-l)(n-2)...(n-r) 

~  (/i--l)...(w— r)  [_  (r 

{n—%){n—Z)...{n-r)    n-\    ^ 
\r—l  2 

n — ]  /n  —  \       ,\       /n  —  \ 


■■■(-)' -^ 


— — — ^-^— — — — — — — ^— — —  ^  , 

ir  J 


and  the  quantity  in  square  brackets  =  coefficient  of  /'  in 

(1+/)"-'-^. 2/(1  +  0""'+... 


■{2/Y{i+ty 


/  2/  \'-^  "-1 


If  therefore  r  be  odd,  the  coefficient  of  /S*^  in  P  is  zero ;  and  if 
r  be  even,  the  coefficient  is 

,_.,r       •  1 (n-l)(n-3)...(n-r+l) 

^^ 1 1 

=  (-)  '  (^n-2){n-4)...{n-r)'\jr2^'-' 

We  therefore  have 

/32  1  ^ 

^^^~^2'^  (n-2)(n-4)22^ 

1  yS^ 

~  ~(n-2)(j<-4)(n-6)  2^  "*■••• '     '  ^^^ 

which  evidently  satisfies  (1).  Since  then  P  involves  only  even 
powers  of /3,  and  Q  is  derived  from  P  merely  by  changing  the 
sign  of /3,  it  follows  that  P  =  Q. 

In  a  similar  manner  it  can  be  shown  that 

R^S  =  ^-  {  1  +  J^^  +  („^,)\„^4)  A  + ■■■}■■    (3) 

When,  however,  n  =  2i+l,  and  P  and  Q  are  finite  series,  we  do 
not  have  P.  =  Q,   (Pj  and  Q,  denoting  the  terminated  series  in 

2  F2 
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this  case),  as  is  evident  from  the  solutions  of  particular  equations 
>\  ritten  dowu  by  Professor  Caylcj^  in  his  paper. 

The  itlatiou  in  this  case  can  be  iufcrnd  thus  :  the  series  which 
multiphcs  the  factor  in  P  consists  of  a  finite  portion  including 
the  tirst  i  + 1  terms  ;  after  this  point  the  terms  vanish,  owing  to 
the  presence  of  the  factor /i— Si— 1  in  the  numerator,  until  the 
same  factor  makes  its  appearance  in  the  denominator,  when  the 
two  factors  cancel  one  another  and  the  series  recommences ;  this 
latter  portion  is 

(n-l)(n-3)...2(-2)...(-n  +  l)  r^"      n  +  l    ^+,  1 

(/i-l)(n-2)...l  1  ^  -^(^+1/^       +...J' 

which  after  reduction  becomes 

(-V^^—J^—  flJl  4-  ^i±i/34.  (^^  +  l)(n  +  3)  ^  I 

^     '      (1.3.5...n)2P  I    ^w+l'^"^  (/i+l)(n  +  2)(2^"'"J*^^ 

Denoting  then  by  a  the  constant  factor  of  this  series,  (4)  =all, 
as  the  scries  is  the  same  as  that  in  R,  and  we  have  P  =  P, +  aR. 
Simihu'ly  Q=:Qj— aS;  and  since  11=  S  (tliese  series  not  termi- 
luiting  in  this  case  of  ?i  =  22  +  l),  we  have,  since  P  =  Q,  when  the 
whole  series  are  taken  into  account, 

P,+ffR=Qi-rtR, 

and  therefore 

i^=^(Q.-P.)=s (5) 

The  equality  of  P  and  Q  depending  merely  on  an  algebraical 
multiplication  (each  being  equal  to  (2)),  we  have  good  reason 
for  asserting  that  they  are  equal  so  long  as  all  the  terms  are 
taken  into  account.  It  is  desirable,  howTver,  to  prove  the  truth 
of  (5)  by  the  direct  development  of  P,  and  Qj  in  powers  of /S; 
and  this  can  be  efFectcd  by  means  of  a  theorem  which  I  proved 
in  the  'Quarterly  Journal  of  Mathematics'*,  vol.  xi.  p.  267,  and 
which  in  the  notation  of  this  paper  may  be  stated, 

P  =        (-)'|3"         (I  A\  !L^ 

'      1.3.5...(n-2)V/3  d^J    /3 
To  dcvelo|x  the  continued  differential,  let  ^'^  =  ol,  so  that 

adxe-^_    aiyizi, 

V/3  d^J   /3    -■'^  \dJ  ^u 

*  "On  Iviccali's  I'ctiuition."     Tlie  value  in  tlie  text  for  1'  is  ilcrivcil 
from  till'  ((luutiou  mirabered  (iL-'j  on  j).  I'/l  Ijy  niakinj^  the  same  siibstitu- 

X'' 

lions  as  those  used  in  this  paper,  viz.  ft=  —  an(lY  =  «~',  so  that  x=fi"n~" 
and  x'-'i - '  (/x  =  rt  -  hiilii. 
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and  write  /3^  for  a  fiually  uftcr  the  diffci-ciitiation  ;  then 

in  Avhich  it  is  to  be  remarked  that  the  terms  iu  a,  or, . .  .a>~^ 
give  no  terms  on  differentiation.  There  are,  as  it  were,  two 
series  whose  coefficients  arc  distinguished  by  tlie  letters  A  and 
B,  the  latter  commencing  from  the  term  a  ,  and  including  a'"""^, 
«'+^  &c.     We  thus  find 

P,  =  A'o  + A',/32  + A',/3^+  . . .  -/S"(B'o  +  B',62  +  B',/3M-  . . . ); 

and  it  will  be  shown  that  the  first  series  =?,  and  the  second 
=  ffit.     To  prove  this,  if  r<z, 

A.,-(-)     ~     — , 


so  that 


AV=(-)V 


(n_3)(n-4)...(n-,'>r)  2'-^' 
if  r  be  greater  than  i,  then 
2"' 
'"^  1.3...  {%r^n)2'\l 
and 

. 1 

A'2r=(-)'  |i  ,  3  _ .  .(n-2)f  {1 .3  . .  .(2r-n)}2'"i»:' 

so  that  the  first  series  =  P,  as  is  evident  from  comparison 
with  (2).     The  second  series 

1  .3.5...(n-2)   '(2H-1  I-         (n+l)(«  +  2) 

(i  +  2)(f+l)      /3^  . 

■^  (/i  +  l)...(7i  +  4.)   2  "^•••j 

-jrr^^^:nf\ri  +  2    2  ^  («  +  2Xn  +  4)22/2  '  •' 

=  «R;  therefore  Pj  =  P—«R; 

and  by  merely  changing  the  sign  of  /9  we  have  Qi  =  Q  +  </K, 
whence  (5)  follows  at  once.  If  ?«=  —  (2/4- 1),  it  will  be  found 
that 

K  =  Il,  +  «P,     S  =  S,-«Q; 
so  that 

P^.1-{S.-1{,)=Q, 
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a  being,  as  before^  only  suitably  modified  on  account  of  71  being 
negative. 

The  connexion  between  the  integrals,  if  we  regard  the  series  as 
terminating  when  the  numerators  of  the  factors  become  zero, 
is  therefore:— (1)  if  q  is  not  =  +  {2i+})-\  then  P  =  Q,  11  =  S, 
and  P  and  R  are  independent  j   (2)  if  q=  {2i  +  l)~\  V  and  Qare 

independent,  and  R  =  S=^-  (Q-P);    (3)  if  q=-{2i  +  l)-\ 

11  and  S  are  independent,  and  P  =  Q=—  (S  — R).     But  the 

proper  way  is  to  regard  the  series  as  including  all  their  terms ; 
and  then  the  result  merely  is  that  we  have  always  two  indepen- 
dent particular  integrals  P  and  R,  such  that  P  +  r/ll  and  R  +  aP 
are  finite  algebraical  expressions  in  the  respective  cases  of 
ry  =  (2?  +  l)-'  and  q=-{2i+\)-K 

The  integral  made  use  of  in  the  *  Quarterly  Journal '  to  ob- 
tain the  above  expression  for  Pj  was  due  to  Poisson,  and,  altered 
so  as  to  agree  with  the  notation  of  (1),  takes  the  form 


_  !  n 


U-- 

which  by  a  pair  of  simple  transformations  (which  are  given  in 
the  paper  referred  to)  may  be  written  in  cither  of  the  forms 

/^QO  /TOO 

Jo  Jo 

By  expanding  the  exponential  factor  in  the  former  of  these  and 
integrating  each  term  by  means  of  the  integral 

i^^"v^"e-^^dv=iT(^'±^y     ....      (6) 

we  obtain  the  series  (2).     A  similar  treatment  of  the  second  in- 
tegral and  reduction  by  means  of 


j: 


't-e--Vt;=ir(    -'^ -^^     ....    (7) 


leads  to  the  other  series  (3).  Of  course  this  method  is  not  le- 
gitimate, as  in  both  cases  we  must  at  length,  whatever  q  may 
be,  come  to  some  point  where  the  factor  that  multiplies  tlie  ex- 
ponential (in  the  form  e~"-)  under  the  integral  sign  is  raised  to 
a  ])Ovvcr  <  — 1,  when  the  term  becomes  really  infinite  and  the 
method  Anls.  But  it  is  remarkable  that  if  we  ignore  this  failure 
and  treat  (0)  and  (7)  as  if  they  were  universally  true,  we  arc  led 
to  both  the  series  (2)  and  (3),  and  thence  from  a  particular  to  a 
general  integral  of(l). 

Trinity  College,  Cainbridge, 
May  12,  1872. 
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LV.  On  the  Mock  in  which  Strimjed  Instruments  give  rise  to 
Sonorous  Undulations  in  the  surrounding  Atmosphere.  By 
Robert  Moon,  M.A.,  Honorary  Fellow  of  Queen's  College, 
Cambridge^. 

THAT  the  tones  of  a  stringed  instrument  are  due  to  the 
action  upon  the  air  of  the  sounding-board,  and  in  no  per- 
ceptible degree  proceed  from  the  direct  action  upon  the  air  of 
the  strings  themselves,  may  be  taken  to  be  one  of  the  earliest 
discovered  facts  in  acoustics,  since  it  is  clear  that  no  such  in- 
strument of  any  of  the  kinds  with  which  we  are  familiar  could 
have  been  constructed  in  ignorance  of  it.  But  the  mode  in 
which  the  sounding-board  acts  on  the  surrounding  atmosphere 
so  as  to  give  rise  to  sonorous  undulations  is  a  subject  Avhich  pre- 
sents extraordinary  difficulties,  which,  so  far  as  I  am  aware,  have 
not  been  adverted  to. 

Consider  the  case  of  the  grand  pianoforte  with  the  lid  wholly 
x'emoved. 

The  sounding-board  consists  of  a  single  plate,  which  is  shrunk 
into  a  frame  in  such  a  manner  as  to  present  a  surface  which  is 
convex  upwards. 

The  lower  surface,  which  is  exposed  to  the  air,  is  crossed  at 
intervals  by  narrow  bands,  which  increase  its  rigidity  and  con- 
sequently its  sonorous  power,  but  which  need  not  further  attract 
our  attention. 

The  strings,  through  the  medium  of  the  bridge  which  is  firmly 
fixed  to  the  sounding-board,  exert  a  downward  pi*essure  on  the 
latter,  and  thus  bring  it  into  a  state  of  constraint  f. 

When  a  note  is  sounded,  the  hammer  striking  the  wire  up- 
wards, the  downward  pressure  on  the  bridge  is  relieved,  and  the 
sounding-board  bounds  upwards.  Thus  a  wave  of  condensation 
will  be  propagated  vertically  upwards,  and  a  wave  of  rarefaction 
vertically  downwards. 

The  mode  in  which  the  vibrations  of  the  board  may  be  pro- 
pagated vertically  above  or  vertically  below  the  instrument  is 
thus  conceivable  enough ;  but  what  of  the  space  outside  of  a 
vertical  cylinder  having  the  sounding-board  for  one  of  its  sec- 
tions ?  and  how  arc  these  two  diverse  disturbances  (the  one  a 
condensation,  the  other  a  rarefaction)  to  combine  themselves  into 
a  spherical  wave  wholly  of  condensation  or  wholly  of  rarefaction, 
or  compounded  of  condensation  and  rarefaction  in  immediate 
sequence,  such  as,  to  common  apprehension,  appears  the  alone 
sufficient  agent  for  the  diffusion  of  sound  ? 

*  Communicated  by  tlie  Author. 

t  For  the  above  details  I  am  indebted  to  the  kindness  of  Mr.  Bruzaud, 
of  the  firm  of  Messrs.  Erard. 
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Wc  can  conceive  the  condensed  wave  extending  itself  horizon- 
tally beyond  the  limits  of  the  cylinder  of  which  we  have  spoken, 
and  then  descending  outside  the  cylinder  helow  the  level  of  the 
sounding-boaid  ;  but  we  shall  have  contemporaneously  a  corre- 
sj)onding  horizontal  extension  of  the  rarefied  wave,  which  must 
have  the  san)e  faculty  of  extending  itself  npivards  that  the  con- 
densed wave  has  of  extending  downwards. 

What  will  ensue  upon  the  meeting  of  these  two  opposite  dis- 
turbances ? 

One  consequence  of  their  meeting  clearly  will  be  that  the 
density  in  the  plane  of  the  sounding-board  will  be  that  of  equi- 
librium ;  so  that  in  every  direction  in  this  plane  we  shall  have 
an  entire  absence  of  that  alteration  of  density  which,  according  to 
the  received  theory  of  sound,  is  the  sole  agent  in  the  creation 
and  transmission  of  aerial  vibrations*.  Hence,  on  the  principles 
of  that  theory,  the  tones  of  the  instrument  might  be  expected  to 
be  inaudible  at  all  points  in  the  plane  of  the  sounding-board — 
a  phenomenon,  it  may  be  remarked,  which  has  not  hitherto 
been  observed  to  occur. 

But  the  subject  admits  of  being  considered  in  a  different 
manner. 

The  amplitude  of  vibration  of  the  sounding-board  will  be  very 
minute,  at  the  same  time  that  the  agitation  of  the  air  above  it 
occasioned  by  a  single  bound  upwards  of  the  board  will  extend 
over  a  very  considerable  sj)ace.  It  is  evident,  therefore,  that  the 
condensation  of  the  air  vertically  above  the  sounding-board  will 
be  extremely  small ;  and  it  is  quite  conceivable  that  the  principal 
influence  of  the  air  within  tlie  cylinder  in  moving  the  air  without 
the  cylinder  may  not  be  of  the  nature  already  described,  but  may 
be  due  to  lateral  adhesion. 

Assuming  this  to  be  the  case,  it  is  clear  that  the  particles  of 
air  around  the  instrument,  whether  within  or  without  the  cylin- 
der above  spoken  of,  and  whether  above  or  below  the  plane  of 
the  sounding-board,  will  have  this  feature  in  common,  viz.  a  ve- 
locity vertically  upwards.  Hence  it  is  easy  to  see  how  the  air 
in  every  direction,  u])wards,  downwards,  and  laterally,  at  any 
given  instant  may  have  a  spherical  arrangement  of  this  kind,  viz. 
that  the  particles  in  each  spherical  shell,  described  about  the 
centre  of  vibration  of  the  sounding-board  as  a  centre,  have  the 
same  absolute  velocity  in  a  direction  vertically  upwards. 

*  It  is  curious  to  note  tliat  altlioujrli  iu  the  jilnuc  of  the  soinulinf^-honrd 
the  coiuleusation  and  rarefaction  \>ill  mutually  destroy  eaeh  other,  this 
will  not  he  the  ease  with  the  velocities  of  the  two  waves;  so  that  the  par- 
ticles in  that  jdane  will  have  a  vertical  motion.  I  a])i)rehen(l,  liowever. 
that  few  will  attemiit  to  account  for  the  transmission  of  tounil  alonj^  this 
jtlanc  on  the  luiiiciiiles  of  transversal  vibration  ! 
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It  maybe  tliouglit  tliat  the  interval  which  separates  a  state  of 
disturbance  of  this  kind  from  a  spherical  wave  consisting  of  a 
shell  of  condensation  immediately  succeeded  by  a  shell  of  rare- 
faction is  little  short  of  infinite. 

If,  however,  it  can  be  shown  that  in  the  case  of  motion  par- 
allel to  the  axis  of  a  cylindrical  tube  filled  with  air,  the  pressure 
in  part  depends  on  the  density  and  in  part  on  the  velocity ;  and 
if  it  can  be  shown  further  that  under  the  same  circumstances 
the  portion  of  the  pressure  due  to  the  velocity  may  be  very  con- 
siderable, while  that  due  to  the  condensation  is  very  small ;  I 
think  it  will  be  admitted  that  we  shall  have  made  a  great  ad- 
vance, I  do  not  say  towards  the  solution  of  the  problem,  but 
in  indicating  the  direction  in  which  the  solution  must  be  sought. 

Now  in  the  case  of  motion  last  spoken  of,  putting  ^j,  v,  p  for 
the  pressure,  velocity,  and  density  at  the  time  /  at  a  point  the 
coordinate  of  whose  point  of  vest  is  a:,  we  shall  have 

jo=  funct.  {x,  t), 

v=  funct.  {x,  i), 

p=  funct.  {x,  i); 

and,  eliminating  a;  and  /  between  these  three  equations,  we  shall 
get 

p=  funct.  (/),  v), 

thus  proving  that  the  pressure  is  dependent  both  on  the  velocity 
and  density,  and  not,  as  is  erroneously  stated  in  the  ordinary 
theory  upon  the  subject,  upon  the  density  alone. 

Moreover,  putting?/  for  the  ordinate  of  the  particle  at  the  time 
t,  and  D  for  the  mean  density,  the  equation  of  motion  of  the 
particle  will  be 

n-  ^^  4- 1  ^ 
dt^  "^  D  dx 

a  conclusion  which,  I  apprehend,  no  one  will  dispute. 

I  have  elsewhere  shown*  that  this  equation  is  satisfied  by  the 
three  following  relations,  viz. 

''  ^  \ 

P        '  L  p  .1 

*  See  Philosophical  Magazine,  vol.  xxxvi.  p.  27. 
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where  a  is  constant^  cf),  -v/r,,  ylr^  are  arbitrary  functions,  and 


a 

u  =  v+  - 

p 


and  since  the  expression  for  jj  may  be  put  under  the  form 


u  =z  a.1'  —  a 


=  ay  +  (j!)i(D+  -V 


it  is  clear  that,  if  these  results  are  to  be  received,  in  the  case  of 
aerial  motion  in  one  direction  at  least,  the  portion  of  the  pressure 
due  to  the  velocity  may  be  very  considerable,  while  that  due  to 
the  density  is  inappreciable. 

With  regard  to  the  results  themselves,  I  may  observe  that 
they  flow  as  certainly  from  the  equations  of  motion  as  the  pro- 
positions in  Euclid  result  from  the  definitions  and  axioms.  Hence 
any  objection  to  the  results  must  apply  equally  to  the  equation 
from  which  they  are  derived.  If  the  one  be  untrue,  or  true  only 
in  a  qualified  sense,  the  other  must  be  equally  untrue,  or  its 
truth  must  be  equally  qualified.  The  results  can  only  be  re- 
jected on  the  ground  of  there  being  in  the  background  some 
controlling  principle  which  is  not  taken  into  account  in  forming 
the  equation  of  motion.  Until  the  existence  of  such  a  principle 
has  been  demonstrated,  which,  so  far  as  I  am  aware,  has  never 
been  so  much  as  suspected,  we  are  bound  to  admit  every  fact 
derivable  from  the  solution. 

In  the  foregoing  observations  I  have  endeavoured  to  indicate, 
in  a  very  general  way,  the  mode  in  which,  as  I  conceive,  the  so- 
lution of  the  problem  before  us  is  to  be  sought.  Before  that 
object  can  be  accomplished  many  circumstances  will  need  to  be 
taken  into  account  which  I  have  not  touched  upon*;  indeed  a 
solution  of  the  equations  of  aerial  motion  in  two  directions,  such 
as  that  above  given  for  the  equation  ap})licable  to  motion  in  one 
direction,  would  seem  to  be  an  indispensable  preUniinary. 

Such  a  solution  I  am  in  a  position  to  afford,  but  1  must  seek 
another  opportunity  for  its  exhibition,  and  for  the  discussion  of 
the  results  flowing  from  it. 

1  desire  to  express,  in  conclusion,  my  conviction  that  the  com- 
plete resolution  of  this  problem  will  be  found  to  involve  that  of 
others  of  very  great,  and  in  one  instance  of  transcendent  im- 
portance. 

i\  New  Square,  Lincoln's  Inn, 
May  18,  18/2. 

*  For  instance,  tlic  lateral  action  by  which  I  have  su])pose(l  the  particles 
outsi<le  the  cylinikr  sjjoken  of  to  be  moved  vpivurds  necessarily  in)i)lies  a 
corresponding  horizontul  action. 
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LVI.   On  the  Objections  raised  by  Mr.  Tait  against  my  Treat- 
ment of  the  Mechanical  Theory  of  Heat.     By  R.  Clausius*. 

IN  reply  to  my  "  Contribution  to  the  History  of  the  Mecha- 
nical Theory  of  Heat^^f^  Mr.  Tait  J  has  given  the  matter 
a  turn  which  to  me  is  agreeable.  For  he  therein  contests  not 
the  priority  of  my  investigations,  but  their  correctness ;  so  that 
it  is  now  no  longer  a  question  of  historic  and  personal  explana- 
tions, but  of  scientific  elucidations,  which,  on  account  of  the 
importance  of  the  subject  to  which  they  relate,  may  perhaps  not 
be  without  a  more  general  interest.  I  will  therefore  take  no 
notice  of  the  somewhat  irritated  tone  of  the  reply,  and  only  take 
into  consideration  the  matter  it  contains. 

As  already  mentioned  in  my  previous  article,  the  axiom  em- 
ployed by  me  for  the  demonstration  of  Carnot^s  theorem  modified, 
viz.  that  heat  cannot  pass  by  itself  from  a  colder  into  a  hotter  body, 
was  immediately  acknowledged  as  correct  by  Sir  W.  Thomson, 
and  since  then  has  likewise  been  made  use  of  by  many  other 
authors  for  the  same  demonstration.  Mr.  Tait,  on  the  contrary, 
now  declares  it  to  be  fallacious. 

Of  the  two  phenomena  adduced  by  him  for  the  refutation  of 
the  proposition,  I  will  first  discuss  that  of  which  he  says  that  it 
gives  an  "excellent  instance  of  the  fallacy  of  the  so-called 
axiom" — namely,  the  phenomenon  that  a  thermoelectric  battery 
worked  with  ice  and  boiling  water  is  capable  of  raising  a  tine  wire 
to  incandescence. 

In  one  of  my  memoirs  §,  I  have  myself  applied  the  mecha- 
nical theory  of  heat  to  thermoeleetrical  phenomena.  I  therein 
showed  that  a  thermoelectric  element  (and  so,  of  course,  a 
thermoeleetrical  battery)  may  be  compared  to  a  steam-engine, 
the  heated  junction  corresponding  to  the  boiler,  and  the  cold 
junction  to  the  condenser.  At  the  hot  junction  heat  is  with- 
drawn from  a  heat-reservoir,  the  temperature  of  which  we  will 
name  t^ ;  and  at  the  cold  junction  heat  is  given  up  to  another 
heat-reservoir,  the  temperature  of  which  may  be  called  /q.  But 
the  quantity  of  heat  given  up  is  something  less  than  the  heat 
received;  and  hence  the  quantity  of  heat  given  up  in  the  unit 
of  time  we  will  denote  by  Q,  and  the  heat  received  by  Q  +  q. 
The  portion  q  of  the  latter  quantity  is  expended  in  the  work  ne- 
cessary for  the  production  of  the  electric  current;  and  the  other 
portion,  Q,  passes  from  a  body  of  the  temperature  ^,  into  a  body 
of  the  temperature  /q. 

When  the  work  performed  by  a  steam-engine  is  applied  to  the 

*  Translated  from  the  MS.  communicated  b}'  the  Author, 
t  Phil.  Mag.  February,  1872.  +  Ibid.  May  1872. 

§  Pogg.  Ann.  vol,  xc.  p.  513. 
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overcoming;  of  friction  or  other  passive  resistances,  it  is  again 
transformed  into  beat,  and  under  suitable  conditions  can  gene- 
rate a  temperature  far  higlier  than  that  of  the  boiler.  Just  so 
in  the  electrical  battery,  the  work  •which  must  have  been  ac- 
com])lishcd  in  order  to  put  the  electricity  in  motion  can  be  again 
transformed  into  heat  in  overcoming  the  resistances  to  conduc- 
tion, and  here  also,  under  suitable  conditions,  can  generate 
a  much  higher  temperature  than  that  of  the  heated  junctions. 
For  example,  as  J\lr.  Tait  says,  if  the  heated  junctions  have  only 
the  temperature  of  boiling  water,  a  wire  can  be  heated  to  incau- 
descence. 

Let  the  temperature  which  the  wire  acquires,  and  which  can 
be  maintained  constant  as  long  as  we  please,  be  denoted  by  /g, 
then  we  can  say  that  a  part  of  that  quantity  of  heat,  q,  which 
in  the  battery  is  expended  for  work  appears  again  as  heat  in 
another  body  at  the  temperate  tc^.  As,  then,  the  heat  expended 
for  work  is  derived  from  a  heat-reservoir  of  the  temperature  t^, 
wc  obtain  as  a  result  of  the  process  the  passage  of  a  certain  quan- 
tity of  heat  from  a  body  at  the  temperature  /j  into  a  body  at  the 
higher  temperature  tc^. 

Now  the  question  to  be  decided  is,  whether  this  passage  of 
heat  from  a  lower  to  a  higher  temperature  has  taken  place  by 
itself. 

By  this  concise  designation,  by  itself,  I  mean,  as  I  have  re- 
peatedly explained,  tvithout  the  simultaneous  occurrence  of  another 
change  serving  fur  coinpensation.  So  far  as  wc  have  to  do  with 
cyclical  processes,  there  are  two  sorts  of  changes  which  may 
serve  for  compensation,  namely: — first,  the  passage  of  heat  from 
a  hotter  into  a  colder  body ;  and,  secondly,  the  consumption  of 
work,  or,  to  express  it  more  definitely,  tlie  transformation  of 
work  into  heat. 

If  now  from  this  point  of  view  wc  contemplate  our  thermo- 
electric battery  with  the  thin  conducting  wire  which  is  brought 
to  incandescence,  we  see  that  certainly  part  of  the  quantity  of 
heat  fj  passes  over  from  the  temperature  /,  to  the  higher  tempe- 
rature /j,  but  that  simultaneously  the  other  quantity  (^  passes 
from  the  temperature  /,  to  the  loiuer  temperature /q.  This  latter 
passage  of  heat  forms  the  com])ensation  of  the  former;  and  hence 
we  cannot  say  that  the  former  has  taken  place  by  itself. 

The  case  here  discussed  is  so  simple  and  clear  that  it  might 
be  chosen  as  a  ]K'rfectly  suitable  example  for  the  elucidation  and 
conlirmation  of  my  axiom;  and  yet  this  is  the  case  which  i\Ir. 
'J'ait  has  schclcd  as  a  demonstration  of  its  fallacy. 

Mr.  Tait  adduces  as  another  case  in  contradiction  to  my  axiom 
a  thtrmoelectric  circuit  in  which  the  hot  junction  is  at  a  tempe- 
rature higher  than  the  neutral  ])oint.     Consc(iucnlly  the  circuit 
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in  question  is  one  in  which  the  intensity  of  the  current  is  not 
continually  increased  by  greater  heating  of  one  junction,  but 
from  a  certain  temperature  upward  the  current  agani  diminishes 
in  intensity^  and  with  a  still  further  rise  of  temperature  may 
even  change  its  direction. 

This  phenomenon  I  have  likewise  already  discussed,  in  my 
above-mentioned  memoir.  I  have  endeavoured  to  explain  it  by  the 
assumption  that,  in  one  of  the  two  metals  of  which  such  a  circuit 
consists  (or  even  in  both),  the  change  of  temperature  gives  rise 
to  a  change  of  molecular  state,  the  effect  of  which  is  that  the 
altered  and  unaltered  portions  of  the  metal  have  the  same  elec- 
trical relation  to  each  other  as  two  different  metals.  As  soon  as 
a  change  of  this  kind  occurs,  electromotive  forces  act  not  only  at 
the  places  of  contact  of  different  metals,  but  also  wherever  differ- 
ently constituted  portions  of  the  same  metal  are  in  contact. 
Accordingly  heat  will  be  generated  or  expended  not  merely  at 
the  junctions,  but  also  in  other  parts,  in  the  interior  of  the  in- 
dividual metals ;  and  hence,  in  order  to  determine  all  the  pas- 
sages of  heat  that  occur,  we  must  consider  not  merely  the  tem- 
peratures of  the  junctions,  but  also  the  temperatures  of  those 
other  parts. 

Of  course  the  thing  becomes  thereby  more  complicated. 
Besides,  of  the  alterations  mentioned,  although  their  existence 
in  individual  cases  has  already  been  shown,  we  have  yet  too  little 
special  knowledge  to  be  able  to  trace  in  detail  all  that  take  place 
in  such  a  thermoelectric  circuit.  Meanwhile  it  will  not  be  dis- 
puted that  in  the  assumption  I  have  made  we  have  at  least  a 
possible  explanation ;  and  at  any  rate  it  will  be  admitted  that  a 
phenomenon  in  which  circumstances  as  yet  unknown  cooperate 
is  ill  adapted  to  be  used  as  a  proof  for  or  against  a  theorem 
advanced. 

Finally  Mi'.  Tait  says  further  that  by  the  introduction  of  the 
ideas  of  internal  work  and  disyregation  I  have  done  harm  to 
science. 

What  Mr.  Tait  has  against  the  notion  of  internal  work  is  to 
me  incomprehensible.  Since,  in  my  first  memoir  on  the  mecha- 
nical theory  of  heat,  I  distinguished  the  work  accomplished  by 
heat,  in  the  change  of  state  of  a  body,  into  external  and  internal 
work,  and  then  showed  that  these  two  quantities  of  work  essen- 
tially differ  in  their  behaviour,  this  distinction  has  been  in  like 
manner  employed  by  all  the  authors  who,  to  my  knowledge, 
have  written  on  the  mechanical  theory  of  heat. 

With  respect  to  the  notion  of  disgregation,  investigations  by 
Boltzmann  and  myself  have  just  been  published  by  which  it  ac- 
quires a  universal  mechanical  significance;  and  although  the 
investigations  relative  to  this  subject  are  not  yet  concluded,  I 
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believe  they  already  make  mauifest  that  the  introductiou  of  tliis 
idea  was  dictated  by  the  nature  of  the  subject. 

In  conclusion,  I  will  take  the  liberty  to  state  again  expressly 
the  points  to  which  Mr.  Tait  objects,  in  order  to  prevent  any 
subsequent  shifting  of  the  position.     Mr.  Tait  maintains : — 

(1)  That  the  theorem,  that  heat  cannot  by  itself  pass  from  a 
colder  into  a  hotter  body,  is  fallacious ;  and 

(2)  That  the  introduction  of  the  notions  of  internal  loork  and 
of  disgregaiion  was  detrimental  to  science. 

The  decision  on  these  two  points,  so  far  as  they  are  at  all  still 
doubtful,  I  think  I  may  confidently  leave  to  the  future  j  and 
thereby  this  controversy  also  will  finally  and  fully  decide  itself. 

Bonn,  May  18/2. 

LVII.   On  the  Origin  of  the  Earth's  Magnetism,  and  the  Mag- 
netic Relations  of  the  Heavenly  Bodies.     By  F.  Zollner. 
[Continued  from  p.  365,] 
13. 

IT  is  to  be  expected,  according  to  the  views  above  developed 
as  to  the  physical  causes  of  the  earth's  magnetism*,  that 
there  exists  a  connexion  between  all  the  phenomena  related  to 
this  magnetism  and  the  volcanic  appearances  on  the  surface 
of  the  earth.  In  fact,  if  these  processes  are  to  be  looked  at  ac- 
cording to  the  principles  of  every  rational  geology,  as  reactions 
of  the  glowing  liquid  nucleus  of  the  earth  on  its  solid  crust,  these 
reactions  must  manifest  themselves  as  well  by  mechanical  as  by 
electrical  and  magnetical  effects.  The  first  of  these  effects  are 
observed  in  the  earthquakes  and  volcanic  eruptions,  the  latter 
in  the  oscillations  of  the  magnetic  needle.  The  close  connexion 
of  these  two  kinds  of  appearances  which  is  necessarily  demanded 
by  our  theory  is  confirmed  by  numerous  observations.     I  will 

*  Whilst  this  paper  passes  through  the  press  I  receive  the  news  of  a 
very  remarkahle  observation  which  was  maile  a  short  time  ago  in  France 
at  the  boring  of  a  very  deep  artesian  well.  The  Academy  of  Taris  has  re- 
ceived on  this  subject  a  communication,  printed  in  the  Compies  Rendus, 
vol.  Ixxiii.  p.  IHO,  under  the  title  "Etude  de  I'eau  artesienne de  Rochefort 
Note  de  M.  Roux  (extrait)."  The  passage  in  question  is  the  following  :— 
"  Une  particularite  intcressante,  que  nous  avons  cbservee  jjcndant  les  tra- 
vaux  artesiens  est  I'aimantation  ('nergique  de  la  sonde  f^es  tigues  dcsar- 
ticulees  ajjres  Ic  travail,  constituaient  autant  d'aimants  jjartiels,  aynnt  chu- 
cune  son  pole  boreal  et  son  pole  austral."  Considering  the  weak  magnetism 
of  the  minerals,  this  curious  observation  can.  I  think,  only  be  explained 
by  the  existence  of  strong  electrical  currents  in  the  earth,  which  would 
agree  with  the  laws  of  the  ramification  of  currents  rolativr  to  tluir  uitinsity. 

Noti-  by  the  Translator. —  I  have  been  told  that  an  carlluiuakc  at  Lisbon 
in  the  year  (1S5S?)  was  coincident  in  jujint  of  time  with  a  considerable 
disturbance  of  the  magnets  at  the  Kew  Observatory. 
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only  give  in  proof  of  this  the  facts  which  Lamont  describes  in 
his  often-cited  work  (p.  277)  in  the  following  words  : — 

"  Kreil  has  given  many  cases  where  magnetic  disturbances  coin- 
cided with  earthquakes ;  hence  he  thinks  a  connexion  between  the 
two  phenomena  probable.  I  have  observed  myself  an  extremely 
curious  case  in  this  respect.  On  the  18th  of  April  1842,  at  10 
minutes  past  9  o'clock  in  the  morning,  I  saw  by  chance  that  the 
needle  of  the  declination-instrument  received  a  sudden  jerk,  so 
that  the  scale  was  pushed,  out  of  the  field  of  view  of  the  telescope. 
The  oscillations  continued  for  some  time ;  at  last  the  ordinary 
tranquillity  was  restored. 

"  After  some  days  I  received  the  news  from  Colla,  in  Parma, 
that  he  had  observed  violent  oscillations  of  the  needle;  and 
comparison  showed  that  the  movement  had  begun  at  the  same 
moment  in  Parma  as  in  Munich.  A  short  time  afterwards 
the  report  of  a  French  engineer  was  published  on  a  vio- 
lent earthquake  which  he  had  observed  in  Greece ;  and  now  it 
was  7ound  that  the  earthquake  had  taken  place  in  the  same 
minute  in  which  the  oscillations  of  the  needle  had  been  observed 
in  Parma  and  Munich.  This,  together  with  the  many  cases  col- 
lected by  Kreil  and  Colla,  leaves  scarcely  any  doubt  as  to  the 
presence  of  a  closer  connexion ;  but  it  is  undecided  whether  one 
phenomenon  is  the  consequence  of  the  other,  or  whether  they 
come  both  from  the  same  source." 

The  same  connexion  between  earthquakes  and  magnetic  dis- 
turbances was  observed  by  Lamont  at  the  earthquake  which  took 
place  in  Greece  in  December  1861.  He  communicates  his  ob- 
servations to  Poggendorflf's  Annalen  (vol.  cxv.  p.  176)  in  the 
following  words : — 

"  As  the  connexion  of  the  magnetism  of  the  earth  with  earth- 
quakes still  belongs  to  the  insufficiently  ascertained  relations,  it 
will  not  appear  irrelevant  if  I  communicate  a  fact  bearing  upon 
this  question.  On  the  26th  of  December,  1861,  at  8  o'clock  a.m., 
when  I  took  down  the  position  of  the  magnetical  instruments 
(six  of  which  are  put  up  in  the  magnetical  observatory,  viz.  two 
for  declination,  two  for  intensity,  and  two  for  dip),  I  observed 
in  all  the  instruments  an  uncommon  restlessness,  consisting 
in  a  quick  and  irregular  decrease  and  increase  in  the  declina- 
tion, and  at  the  same  time  a  trembling  i-n  the  vertical  direction. 
The  trembling  of  the  needle  only  lasted  for  a  short  time ;  but 
the  quick  changes  lasted  until  8|  o'clock  with  gradually  increasing 
violence.  Some  days  later  the  news  was  received  of  an  earthquake 
which,  exactly  coincident  with  the  above  observation,  had  caused 
great  destruction  in  many  parts  of  Greece. 

"  Hereby  it  is  again  established,  not  only  that  the  shaking 
of  the  earth  which  is  caused  by  an  earthquake  is  propagated 
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to  great  distances,  but  also  that  the  forces  which  cause  the 
earthquake  modify  in  a  certain  degree  the  magnetism  of  the 
earth.  The  modification  consists  doubtless  in  the  production  of 
an  earth-current,  which  in  the  above  case  was  so  far  confirmed, 
as  the  instruments  at  the  observatory  in  this  town  indicating 
earth-currents  showed  at  that  time  unusual  activity." 

14. 

The  phenomena  which  we  have  discussed  embrace  in  general 
all  those  facts  which,  independent  of  the  relations  of  the  earth 
to  other  heavenly  bodies,  express  merely  a  relation  of  terres- 
trial conditions  and  changes  to  terrestrial  magnetism.  In 
the  following  I  have  the  intention  to  discuss  as  well  those  phe- 
nomena which  prove  in  a  definite  manner  a  magnetical  relation 
between  the  earth  and  other  heavenly  bodies. 

As,  according  to  our  theory,  the  streaming  process  in  the 
glowing  liquid  nucleus  of  the  earth  is  only  a  repetition  of  the 
streaming  process  on  the  sun's  surface,  the  same  causes  must 
lead  to  the  same  consequences. 

The  sun  therefore  is,  for  these  reasons,  to  be  regarded  as  a. 
magnetic  bodij  like  the  earth,  luhose  jJoles  of  rotation  in  general  do 
not  coincide  with  the  juagnetic  poles. 

But  assuming  the  same  relation  between  the  direction  of  the 
liquid  and  electrical  currents  in  the  liquid  solar  surface,  it  fol- 
lows that  the  ])oles  of  the  sun  have  the  opposite  magnetic  pola- 
rity to  the  corresponding  poles  of  the  earth ;  for  as  the  solar 
surface  does  not  yet  possess  a  solid  crust,  and  according  to  the 
law  of  rotation  the  currents  on  it  are  generated  by  friction 
against  the  polar  undercurrents  of  the  atmosphere,  these  north- 
easterly currents  have  the  opposite  direction  to  the  south-westerly 
equatorial  currents  in  the  inner  part  of  the  earth.  Considering, 
therefore,  the  rotation  of  the  sun  to  be  in  the  same  direction 
as  the  rotation  of  the  earth,  the  former  must  have  a  magnetic 
bouth  ])olc  where  the  latter  has  a  magnetic  north  pole. 

As  regards  the  layers  in  which  the  generated  electrical  ten- 
sions are  equalized  by  electrical  currents,  the  inferior  layers  of 
the  sun's  atmosphere,  which  are  dense  and  rich  in  vapour,  take 
the  place  of  the  under  parts  of  the  earth's  crust.  It  is  not  im- 
probable that  we  observe  this  restoration  of  the  electrical  equi- 
librium in  the  form  of  protuberances,  especially  the  protube- 
rances which,  as  it  were,  cover  with  a  bridge  deeper-lying  parts, 
and  through  the  darknessof  the  covered  space  have  given  rise  to 
the  supposition  of  dark  protuberances*. 

*  The  observations  of  protubt'iances  made  by  Res])it^lii,  Taccbini,  C.  A. 
Young,  Norton,  and  others  eontaiii  numerous  nulieatious  of  the  similarity 
of  the  imagesofeertain  protuberanees  to  the  aurora  borcalis;  and  the  inner 
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Generalizing  the  results  \vc  have  arrived  at^  taking  into  ac- 
count the  general  similarity  in  the  history  of  development  of  all 
the  larger  heavenly  bodies,  we  may  express  this  generalization 
in  the  followins;  terms  : — 

All  rotalimj  heavenly  bodies  possess  maynetical  poles  which  do 
not  coincide  exactly  with  the  poles  of  rotation.  During  the  gra- 
dual cooling  the  polarity  changes  signs,  so  that  a  glowing  liquid 
body  possesses  the  opposite  jjolurity  to  that  of  one  which  is  co- 
vered by  a  solid  crust. 

The  magnetic  polarity  disappears  : — first,  when  the  change  of 
signs  takes  place,  i.  e.  in  that  phase  where,  as  in  the  stars  of  va- 
riable brightness,  the  slag-like  masses  have  already  taken  the 
character  of  extended  continents;  and  secondly,  when  the  nu- 
cleus has  become  entirely  solid. 

After  these  considerations  the  existence  of  a  magnetical  rela- 
tion between  the  planets  and  the  sun  is,  from  the  stand-point 
of  my  theory,  to  be  regarded,  at  least  qualitatively,  as  a  physical 
necessity.  Only  observation  can  give  us  information  as  to  the 
quantitative  conditions.  In  the  following  it  shall  be  investigated 
how  far  the  above  theoretical  considerations  can  account  for  the 
general  character  of  those  relations,  so  far  as  it  can  be  legiti- 
mately deduced  from  the  observations. 

15. 

The  sun's  axis  of  rotation  is,  according  to  the  observations  and 
calculations  of  Sporer,  inclined  at  an  angle  of  6°  57'  to  the  plane 
of  the  ecliptic.  The  longitude  of  the  ascending  node  of  the 
sun's  equator  is  (in  1866-5)  74°  36'.  From  this  the  longitude 
of  the  sun's  north  pole  is  found  to  be  164°  36',  and  that  of  the 
south  pole  344°  36'.  Supposing  a  plane  to  be  laid  through  the 
sun's  axis  perpendicular  to  the  plane  of  the  ecliptic,  the  earth 
in  its  path  round  the  sun  will  cut  this  plane  on  two  days,  on 
September  6  and  March  7.  On  the  first  day  the  sun  turns  its 
north  pole,  on  the  latter  day  its  south  pole,  towards  the  earth. 

It  follows  therefore  that  all  the  effects  produced  on  the  earth's 
surface  by  a  magnetic  induction  of  the  sun  must  have  a  maxi- 
mum at  these  two  times  of  the  year. 

part  of  the  corona  seen  at  total  eclipses  shows  also  this  similarity.  Lamont 
has  ch-aAvn  our  atteution  to  this  with  regard  to  the  extremely  great  varia- 
bility of  the  protuberances,  which  is  also  observed  in  the  aurora  borealis. 

But  it  must  always  be  borne  in  mind  that  this  analogy  regards  only  a 
certain  class  of  protuberances;  in  others  the  eruptive  character  of  vol- 
canic phenomena  is  almost  established  beyond  a  doubt.  On  the  classifi- 
cation of  protuberances  into  those  of  cloudy  and  those  of  eruptive  forma- 
tion compare  my  paper  "  On  the  Temperatm-e  and  Physical  Constitution  of 
the  Sun,"  Proceedings  of  the  Koval  Saxon  Society  of  Sciences,  June  '2, 
18/0.     Phil.  Mag.  S.  4.  voL  xl.  p." 313. 
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Let  us  recall  to  our  minds  the  kind  of  effects  which  could  be 
produced  in  the  earth  by  such  an  induction.  They  arc  two- 
I'old,  viz. : — 

1.  Mechanical  effects,  by  changes  in  the  velocity  of  the  glow- 
ing streams  in  the  earth. 

2.-  Magnetical  or  electrical  effects,  necessarily  connected  by  our 
theory  with  these  mechanical  changes. 

As  to  the  first  of  these  two  influences,  it  is  clear  that,  if  the 
origin  of  terrestrial  magnetism  is  really  to  be  sought  in  the  glow- 
ing streams  and  the  electrical  currents  necessarily  produced  by 
them,  any  increase  or  decrease  in  the  magnetism  by  induction 
must  produce  an  increase  or  decrease  in  the  velocity  of  these 
glowing  streams. 

It  has  already  been  shown  above  how  the  magnitude  of  the 
disturbing  influences  must  vary  with  the  magnitude  of  velocity 
of  these  streams,  and  how,  therefore,  at  the  time  of  the  greatest 
magnetic  induction  a  maximum  of  earthquakes,  of  magnetic  dis- 
turbances, and  of  aurora?  boreales  must  take  place,  which  latter 
are  produced  by  electrical  induction  in  the  rarefied  regions  of 
our  atmosphere. 

Theoretically,  changes  in  the  temperature  of  the  earth  must 
accompany  these  phenomena  which  manifest  themselves  on  the 
earth's  surface.  For,  as  we  have  already  remarked  (p.  349), 
the  increase  or  decrease  in  the  vis  viva  of  the  streams  can,  ac- 
cording to  the  principles  of  the  conservation  of  energy,  only 
take  place  if  an  equivalent  amount  of  vis  viva  disappears  in  an- 
other part  of  the  system.  Any  large  and  not  wholly  solidified 
heavenly  body  presents  us,  besides  its  translatory  and  rotatory 
motion,  its  store  of  energy  in  two  forms  : — 

1.  In  the  form  of  heat,  which  is  continually  diminishing  by 
radiation. 

2.  In  the  form  of  mechanical  motion  in  the  currents  of  its 
liquid  and  gaseous  constituents. 

If  one  of  these  two  forms  of  energy  is  increased  or  diminished 
without  cxtcfior  conmninication  of  vis  viva,  it  must  be  at  the  ex- 
pense of  the  other. 

If,  therefore,  by  magnetical  induction  the  velocity  of  motion  is 
increased,  it  must  be  accompanied  by  a  decrease  of  temperature, 
and  vice  versa. 

Suppose  therefore  a  physical  cause  to  exist  by  which  the  mag- 
netic condition  of  the  sun  is  periodically  changed.  According  to 
what  has  been  said,  a  variation  in  the  earth's  tcnijicrature  must 
be  produced  by  the  simultaneous  variations  in  the  magnetic  in- 
duction of  the  earth.  This  change  of  temi)erature  will  be  the 
more  ])erceptible  the  deeper  the  thermometer  is  letdown  into  the 
earth,  and  the  nearer  therefore  it  is  to  the  glowing  liquid  interior. 
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Such  a  physical  cause,  which,  according  to  our  theory,  must 
necessarily  change  periodically  the  magnetic  condition  of  the 
sun,  is  really  present ;  I  mean  the  periodically  changing  quantity 
of  sun-spots. 

In  my  discussion  of  the  law  of  rotation  of  the  sun  and  that 
of  the  large  planets*,  1  have  sliown  theoretically  that  the  presence 
of  sun-spots  on  the  sun^s  surface  nmst  generate  essential  but 
regular  modifications  of  the  law  of  rotation.  These  modifica- 
tions have  been  proved  to  exist  by  the  observations  of  Sporer; 
so  that  I  have  succeeded  in  giving  for  the  modified  law  a  theo- 
retical formula  which  represents  more  accurately  the  observed 
states  than  the  empirical  formula  of  Sporer. 

The  essential  character  of  the  law  of  rotation  changed  at  the 
time  of  sun-spot  maximum,  arnd  the  causes  which  produce  the 
alterations,  were  explained  by  me  (/.  c.  p.  82)  in  the  following 
words : — 

"At  the  time  of  the  sun-spot  maximum  the  polar  currents  are 
considerably  retarded  in  consequence  of  the  increased  friction ; 
these  currents  will  therefore  arrive  at  the  equator  v.ith  a  much 
smaller  velocity  than  they  do  at  the  time  of  a  sun-spot  minimum. 
Hence  at  the  times  of  sun-spot  maxima  the  accelerating  effect 
of  the  deeper  strata  of  the  sun's  surface  must  be  much  larger 
than  at  the  time  of  a  minimum  ;  and  for  this  reason  the  observed 
velocity  of  rotation  at  the  equator  must  be  greatest  at  the  time 
of  a  maximum — ^just  as  is  shown  by  Sporer's  observations." 

P.  85.  "As  we  have  seen,  all  the  observations  of  Sporer  can  be 
much  better  represented  by  the  above  theoretical  formula  than 
by  his  own  empirical  formula.  Excluding  the  observations  for 
the  immediate  neighbourhood  of  the  equator,  the  sum  of  the 
least  squares  of  errors  for  Sporer's  formula  is  85*2,  for  mine 
44'8,  or  little  more  than  half  of  the  value  for  Sporer's  formula. 

"  The  derived  theory  of  the  law  of  rotation,  even  near  the  time 
of  a  maximum  of  sun-spots,  has  therefore  been  confirmed  by 
Sporer's  observations;  and  the  above  formula  will  therefore 
have  to  be  regarded  in  future  as  a  quite  general  expression  for 
the  modifications  of  that  law." 

//  is  therefore  a  necessary  consequence  of  my  theory  that  at  the 
times  of  sun-spot  maxima  the  relatire  velocity  and  the  friction  of 
the  currents  is  increased ;  and  hence  the  intensity  of  the  electrical 
currents  produced,  as  well  as  the  magnetism  of  the  sun,  is  greatest 
at  those  times. 

At  the  times  of  sun-spot  maxima  the  mechanical,  electrical, 
and  magnetical  energy  present  in  the  sun  is  increased  at  the 
expense  of  a  certain  quantity  of  heat. 

*  Proc.  of  Roy.  Saxon  Soc.  Sci.  Feb.  11,  1871. 
2G2 
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16. 

Tn  order  to  allow  the  reader  to  use  his  own  judgment  as  to 
liow  far  the  phenomena  flowing  theoretically  from  a  periodic 
change  in  the  sun's  magnetism  agree  with  the  facts  observed  on 
the  earth's  surface,  I  shall  take  the  liberty  to  communicate 
simply  the  characteristic  passages  of  the  original  papers. 

The  preseiice  of  a  periodical  decrease  and  increase  in  the 
magnitude  of  the  daily  variations  of  the  magnetic  needle  was 
stated  by  Lamont  already  in  1845*.  In  the  year  1851  the 
same  philosopher  published  a  paperf  in  which  he  deduced  a  time 
of  lOj  years  for  the  duration  of  this  period.  At  the  same  time 
Sabine  J  was  engaged  in  a  research  and  comparison  of  the  dis- 
turbances of  declination  in  Toronto  and  Hobarton  for  the  five 
years  1843-1848,  and  remarked  that  during  this  period  the 
magnitude  and  frequency  of  the  disturbances  increased  from  year 
to  year. 

Sabine  arrived  also  at  the  assumption  of  a  period  in  the  mag- 
nitude of  these  disturbances,  and,  passing  to  the  consideration 
of  a  possible  cause  [1.  c.  p.  121),  says: — 

"  As  the  sun  must  be  recognized  as  at  least  the  primary  source 
of  all  magnetic  variations  which  conform  to  a  law  of  local  hours, 
it  seems  not  unreasonable  that  in  the  case  of  other  variations  also, 
whether  of  irregular  occurrence  or  of  longer  period,  we  should 
look  in  the  first  instance  to  any  periodical  variation  by  which  we 
may  learn  that  the  sun  is  affected  to  see  whether  any  coincidence 
of  ])eriod  or  epoch  is  traceable.  Now  the  facts  of  the  solar  spots, 
as  they  have  been  recently  made  known  to  us  by  the  assiduous 
and  systematic  labours  of  Schwabc,  present  us  with  phenomena 
which  appear  to  indicate  the  existence  of  some  periodical  affec- 
tion of  an  outer  envelope  (the  photosphere)  of  the  sun ;  and  it  is 
certainly  a  most  striking  coincidence  that  the  period  and  epochs 
of  minima  and  maxima  which  M.  Schwabe  has  assigned  to  the 
variation  of  the  solar  spots  arc  absolutely  identical  with  those 
wliich  have  been  here  assigned  to  the  magnetic  variations." 

Also  at  the  same  time,  and  quite  independently  of  each  other, 
11.  Wolf  §  and  Gautier||  had  drawn  attention  to  the  coincidence 
in  the  period  of  sun-spots  with  the  periodical  changes  in  the  earth's 

*  Dove's  Repertorium  der  Physik,  vol.  vii. )).  102.  Compare  also  "  Re- 
sults of  tlic  Miif^netical  Observatoiy  at  Munich,  ISCi,  18^4,  ami  1845," 
AbliunJl.  d.  II.  Cldssf  der  bayr.  Acad,  der  Wiss.  vol.  v.  i)art  1. 

t  Pojrgendorir's  Annalen,  vol.  Ixxxiv.  p.  57-. 

X"  Periodical  Laws  discoverable  in  the  mean  ett'ccts  of  the  larger  Magnetic 
Disturbances,"  by  Col.  Edw.  Sabine,  R. A.  (received  March  18,  read  May  C, 
1K()l'),  Philosophical  Transactions. 

§  Mitthoihinfjcn  der  Berner  natirrforschciidcn  (iesellschaft,  No.  215. 
Comptes  Reiidiis,  September  l.'-i,  1852.     Aslr.  Nachrichteii, '^o.S20. 

II  Jiiljliollieijiie  Uiiircrsel/e,  July  and  August  1852. 
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magnetism  ;  and  the  former  gentleman  has  since  succeeded,  with 
great  zeal  and  trouble^  in  establishing  this  relation  as  an  un- 
doubted fact. 

Tn  proof  of  this  assertion  I  cite  some  passages  from  a  paper 
of  Wolf,  "On  the  Eleven-years  period  of  the  Sun-spots  and 
Magnetical  Variations  "*  : — 

"When  1  showed,  in  the  year  1852,  that  there  exists  a 
period  of  llf,  years  in  the  frequency  of  sun-spots  w'hich  could  be 
followed  backward  as  far  as  the  discovery  of  sun-spots,  I  had, 
besides  the  series  of  Hofrath  Schwabe,  which  already  then  ex- 
tended over  twenty-six  years,  nothing  at  my  disposal  but  a 
certain  number  of  short  series  of  observations  and  separate  state- 
ments; the  proof  therefore  only  layin  the  two  facts,  that  Schwabe's 
series  showed  such  a  period,  and  that  the  assumption  of  a 
period  extending  over  11?^  years  was  not  contradicted  by  any 
of  the  statements  found.  Now  it  is  otherwise.  The  dis- 
covery of  observations  made  by  Staudacher,  Flangergues,  Tevel, 
Adams,  &c.  renders  it  possible  to  me  to  exprcs?  by  relative 
numbers  the  mean  frequency  of  sun-spots  for  a  bcries  of  113 
years  as  found  from  20,000  observations.  I  give  these  numbers 
in  full,  adding,  as  far  as  space  permits,  the  mean  yearly  varia- 
tion in  declination.^^ 

As  regards  the  above-mentioned  complete  reproduction  of  the 
observations,  I  refer  to  the  paper  itself,  and  only  give  the  re- 
sults of  Wolf  in  his  own  words  (/.  c.  p.  505)  : — 

"  The  above  Table  shows  at  first  sight  the  jjcriodical  change 
of  the  frequency  of  sun-spots  as  well  as  in  the  magnitude  of  mag- 
netical variations  in  declination.  The  following  periods  result 
from  it : — 


Sun-s 

pots  and  Magnetism  of  the  Earth. 

Maximum. 

Minimum. 

Sun-spots. 

Magnetic 
variations. 

Sun-spots. 

Magnetic 
variations. 

17500  +  1-0 

1755-7+0-5 

17615+0-5 

1766  5+0-5 

17700+05 

1775-8+0-5 

1779-5 +0-5 

1784-8  +  0-5 

1784-5+0-5 

1788-5 +  0-5 

1/87-2  +  1-0 

1798-5  +  0  5 

1799  0  +  2-0 

1804-0  +  1-0 

1803-5+10 

1810-5+0.1 

18ir)-8  +  0-5 

1817-5  +  10 

1823-2  +  0-5 

1823-8  +  1-0 

1829-5+0  5 

1829-7 +0-5 

1833-8  +  0-2 

1837-2  +  0-5 

1 837-7 +0-5 

18448  +  0-2 

1844-2  +  0-5 

1848-6  +  0-5 

1818-9+0-3 

!     1856-2+0-2 

1856  3+0-3 

18G0-2  + 

1860-0+0-3 

1 

1 

"  If  we  consider,  first,  the  epochs  corresponding  to  the  sun- 
*  Pogg.  Ann.  vol.  cxvii.  p.  5U:.'  (ISGJ). 


454     M.  F.  Zollncr  on  the  Origin  of  the  Earth's  Maynetism, 

spots,  we  find  from  the  outside  numbers  for  the  length  of  the 
mean  period : — 

[1860-2±0-2]- [17500  + I'O]  _ii.oo^o.io^ 

[1856-2±0-2]-[1755'7±0-5]^.^^.^,_^Q.Q^^ 

These  results  agree,  within  the  limits  of  errors  of  observations, 
with  the  previously  deduced  period  of  11?,  years." 

"  Considering,  secondly,  the  period  of  magnetical  variations, 
we  shall  see  that  it  agrees  with  the  period  of  sun-spots,  and  that 
the  parallelism  of  the  two  appearances  has  been  proved  the  more 
strikingly,  as  not  only  the  mean  period  is  exactly  the  same,  but 
even  the  anomalies  of  one  are  exactly  found  again  in  the  other. 

"This  agreement  induced  me  already,  more  than  three  years 
ago,  to  express  the  opinion  that  there  exists  such  a  connexion 
between  the  two  phenomena  that  the  intensity  of  the  common 
cause  could  be  read  off  in  both  as  on  two  different  scales.  It 
would  then  be  possible  to  calculate  the  magnitude  v  of  the  mag- 
netic variation  from  the  relative  number  r  of  the  year  in  question 
by  a  formula  of  the  form 

v  =  a  +  b .  r. 

I  found,  for  instance,  at  that  time  for  Munich  the  formula 

t,'=6'-273  +  0'051?-, 
which  represented  more  exactly  the  variations  of  declination  for 
the  years  1835-1850  as  observed  by  Lamout  than  the  formula 
which  had  been  found  directly  by  himself*. 

It  must  be  said  in  conclusion  that  Professor  R.  AVolf  had  de- 
duced such  a  formula  for  Prague.  He  remarks  on  its  agree- 
ment with  observation,  in  a  recent  publication,  as  follows  t : — 

"  The  value  9'-44,  which  I  had  calculated  in  No.  2G  from  the 
sun-spots  for  the  variation  for  Prague  in  1869,  is  sensibly 
larger  than  that  found  by  observation  2^-20^  8'-69;  but  it 
agrees  exactly  with  that  flowing  from  the  minimum  and  maxi- 
mum values,  viz.  9' -44." 

A  connexion  which  is  not  less  astonishing  is  that  found  to 
exist  between  the  frequency  of  the  aurora  borealis  and  that  of 
the  sun-spots.  I  take  the  e])oehs  deduced  from  a  great  number 
of  European  and  American  observations  by  Professor  Loomis  in 
a  ])aper  published  in  1865  in  the  'Annual  Report  of  the  Board 

♦  As  to  the  difTcrfiicos  of  opinion  between  Laniont  and  Wolf,  wliicli, 
however,  seem  to  be  deeided  in  favoniof  the  latter,  1  refer  to  the  two  cited 
i)a])ers  in  l*ofrfren<lortt 's  Anndlen,  1S62. 

t  Vierteljahrsxclirift  der  naturjorschenden  Gesellschaft  zu  Zurich,  De- 
cember 1870,  p.  253. 
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of  Regents  of  the  Smithsonian  Institution  &c.  foi"  the  year  18G5  ' 
(pp.  208-248) .  This  compilation  is  the  more  important,  as 
Loomis  never  mentions  the  connexion  between  sun-spots  and 
magnetic  variations ;  the  researches  of  Wolf  were  at  any  rate 
not  known  to  him*.  Any  preconceived  opinion  was  therefore 
impossible,  and  the  connexion  between  the  two  phenomena  be- 
comes the  more  astonishing. 

In  the  following  Table  I  have  separated,  as  above,  the  years  of 
sun-spot  maxima  and  minima,  and  annexed,  in  place  of  the  mag- 
netic variations,  the  aurora-borealis  epochs  of  maxima  and  minima 
deduced  by  Loomis  from  ^Mro/jea/i  observations  only  The  years 
deduced  from  American  observations  are  almost  identical  with 
those  given  below. 


Si 

in-spots  and  . 

A-urorse  Boreales. 

Maximum. 

Minimum. 

Sun-spots. 

Aurora  borealis. 

Sun-spots. 

Aurora  borealis. 

1707 

\m 

1718 

1721 

1730 

1733 

1741 

1745 

17500 

1750 

1755-7 

1755 

1761-5 

1760 

1766-5 

1766 

17700 

1771 

1775-8 

lllG 

1779-5 

1779 

1784-8 

1784 

1788-5 

1788 

1798-5 

1798 

1804-0 

1804 

1810-5 

1811 

1816-8 

1819 

1823-2 

1823 

1829-5 

1830 

1833-8 

1834 

1837-2 

1840 

1844-0 

1843 

1848-6 

1849 

1856-2 

1856 

These  observations  leave  no  doubt  as  to  the  connexion  between 
terrestrial  magnetism  and  the  occurrences  on  the  solar  surface; 
and  I  only  add  that  my  theory  not  only  explains  the  existence 
but  also  the  nature  of  this  connexion.  Indeed,  if  the  only  ques- 
tion were,  to  confirm  its  existence,  it  would  not  have  mattered 
whether  a  maxinmm  of  sun-spots  coincided  with  a  maximum  or 
with  a  minimum  of  magnetic  disturbances ;  but,  according  to 
the  theory  developed  above,  the  coincidence  of  the  maxima  of 
the  two  phenomena  is  a  necessity.  For  at  the  time  of  maximum 
of  sun-spots  the  sun's  increased,  magnetic  action  will  cause  an 
acceleration  in  the  glowing  streams  within  the  earth ;  and  hence 
the  magnitude  of  the  magnetic  disturbance  will  increase,  just  as 
it  does,  in  higher  geographical  latitudes  (compare  §  10). 

*  Only  later,  in  Sillimau's  Journal,  September  18/0,  did  Loomis  lay 
stress  upon  these  connexions.  Com))are  the  critique  of  liis  jiaper  by  Wolf 
iu  No.  28  of  his  Astronomische  Mittheilungen. 
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It  lias  been  ^llO\vn  (§  ]5)  that  the  position  of  the  sun's  axis 
with  respect  to  tlie  plane  of  the  ecliptic  causes  theoretically  a 
stronger  magnetic  induction  near  the  two  clays  of  the  year  during 
which  the  earth  is  most  exposed  to  the  inductive  action  of  one  of 
the  sun's  poles,  leaving  out  of  consideration  the  influence  which 
the  inclination  of  the  earth's  axis  must  have  on  this  induction. 
It  is  therefore  supposed  that  on  these  two  days  the  radius  vector  . 
of  the  earth  is,  as  in  the  time  of  the  equinoxes,  perpendicular  to 
the  earth's  axis.  As  those  two  days  have  been  found  to  be  the 
Cth  of  September  and  7th  of  ]\Iarch,  the  supposition  may  be  con- 
sidered apjH'oximately  true  for  a  rough  comparison  with  the  mag- 
netic disturbances.  According  to  our  theory,  at  those  times  all 
those  phenomena  must  have  a  maximum  which  are  caused  by 
an  increased  magnetic  induction  of  the  earth ;  such  are  the  mag- 
netic disturbances  and  the  auroras  boreales. 

I  take  as  material  for  the  examination  of  these  consequences 
the  Resultate  aits  den  Beohaehtungen  des  magneiischen  Vereins 
1836,  III.,  which  arc  discussed  by  Gauss  in  the  fifth  volume 
of  his  collected  works. 

Under  the  title  "  Mean  Variation  of  the  Magnetic  Declination 
during  1834-1837,"  these  values  are  given  as  monthly  means 
for  the  three  years  mentioned.  Although  the  number  of  ob- 
servations is  much  too  small  to  allow  a  decisive  comparison  with 
my  conclusions,  I  still  give  them,  expressed  in  seconds  of  arc 
(/.  c.  p.  567). 

Mean  Variation  of  Declination  at  Gottingcu  from  1834  to  1837, 
Month.  Variation. 

January      .     .     .     .     181) 

February    .     .     .     .     155 

jMarch 206 

April 164 

]\lay 196 

June 172 

July 223 

August      ....     244 

Sej)teinbcr       .     .     .     204 

October      .     .     .     .     216 

November.     .     .     .     191 

December  .     .     .     .     195 
Although  these  numbers  sliow  a  maxinuim  in  March  and  be- 
tween August  and  September,  agreeing  with  the  times  men- 
tioned above,  a  much  greater  number  of  observations  is  required 
to  be  discussed  from  this  point  of  view. 

The  frequency  of  the  aurora  borealis  is  also  subjected  to  a 
yearly  period.     Loomis  has  deduced  such  a  period  in  the  jiaper 
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mentioned  above  from  a  great  number  of  observations  made  at 
New  Haven,  Boston,  and  Canada,  and  extending  over  a  range  of 
113  years.     Tlic  comparison  yields  tlie  following  results : — 

Frequency  of  Aurora  Boreales  as  dependent  on  the  time  of  the 

year. 

TIT     iu  Number  of 

Month.  ,         , 

aiirorac  boreales. 

January 173 

February      .     .     .     .  210 

March  " 240 

April 267 

May 191 

June 179 

July 244 

August 238 

September    ....  293 

October 236 

November    ....  215 

December     ....  159 

Here  also,  therefore,  the  maxima  are  in  the  same  two  months. 
We  must,  however,  bear  in  mind  that,  in  consequence  of  the 
great  changes  of  the  radius  vector  of  the  earth  in  these  months, 
the  secondary  inductive  actions  between  sun  and  earth  must 
also  have  then  a  maximum,  so  that  only  by  this,  without  regard 
to  any  influence  of  the  position  of  the  sun's  axis,  the  magnetic 
induction  would  be  increased  in  these  two  months. 

So,  for  instance,  in  the  year  1870  the  greatest  velocity  with 
which  the  earth  was  going  away  from  the  sun  "was  between  the 
24th  and  26th  of  March,  498*1  metres  a  second.  The  maximum 
value  for  its  approach,  between  the  1st  and  3rd  of  October,  was 
502*4  metres  a  second.  It  is  clear  that,  according  to  the  laws  of 
electrical  induction,  such  rapid  changes  of  the  distance  between 
the  earth  and  the  sun  must  cause  electrical  currents  in  these 
bodies,  even  if  only  one  of  them  exerted  a  magnetic  action 
upon  the  other.  How  great  the  intensity  of  these  currents 
would  have  to  be  in  order  to  produce  aurorse  boreales  and  mag- 
netical  disturbances  on  the  earth's  surface  can  only  be  decided 
by  observation.  It  is  sufficient  for  us  to  have  shown  the  neces- 
sity of  the  existence  of  these  currents  without  regard  to  their  in- 
tensity. 

17. 

The  above  inquiries  have  shown  that  the  consequences  de- 
duced by  the  theory  are  confirmed  Ijy  facts  proved  by  observa- 
tion. AH  phenomena  on  the  solar  surface  which  are  connected 
with  changes  in   the  streams   necessarily  call  forth    analogous 
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changes  in  the  streams  in  our  earthy  and  by  this  generate  varia- 
tions in  the  terrestrial  magnetism.  Until  now  we  have,  how- 
ever, only  considered  those  causes  of  changes  in  the  streams  of 
the  solar  surface  which  are  produced  by  the  periodical  number 
of  sun-spots.  Let  us  now  sec  whether  we  can  find  other  pro- 
cesses on  the  sun,  of  a  more  accidental  and  local  nature,  which, 
similar  to  earthquakes  or  volcanic  eruptions,  could  mechanically, 
produce  sudden  changes  in  the  velocity  of  the  glowing  streams. 
Just  as  the  purely  mechanical  causes  pi'oduce  a  disturbance  in  the 
whole  magnetic  force  of  the  earth,  they  must  have,  if  sufficiently 
intense,  the  same  effect  on  the  sun,  and  produce  there  changes 
which  in  their  turn  may  be  accompanied  by  all  the  phenomena 
observed  in  consequence  of  magnetic  disturbances. 

The  spectroscope  has  discovered  such  a  richness  of  mighty 
volcanic  eruptions  on  the  solar  surface  that  a  mechanical  reac- 
tion on  the  glowing  streams  seems  to  be  a  natural  supposition. 
Such  reactions  would  chiefly  manifest  themselves  at  the  great 
changes  and  sudden  ruptures  of  the  immense  slag-like  masses 
which  we  observe  in  the  sun-spots. 

The  observations  show  indeed  the  very  same  connexion  be- 
tween local  processes  on  the  sun's  surface  as  was  deduced  by  our 
theory. 

I  give  here  the  most  remarkable  of  these  observations  known 
to  me.  They  date,  of  course,  only  from  the  time  when  the 
solar  surface  was  first  made  the  subject  of  careful  researches. 

PoggendorfF's  Annalen,  vol.  cix.  p.  190  (January  1860),  con- 
tains an  extract  of  a  letter  from  Major-General  Sabine  to  Professor 
Dove,  under  the  title  of  "An  Observation  of  Sun-spots.^'  It  runs 
as  follows : — 

"  Mr.  Carrington  being  engaged  in  the  morning  of  the  1st 
of  September  last  year  in  taking  his  daily  observations  on  the  form 
and  position  of  the  sun-spots,  saw,  to  his  great  surprise,  a  white 
light  which  was  breaking  forth  from  the  middle  of  a  large  spot 
which  had  already  during  several  days  been  the  subject  of  general 
attention  ;  this  white  light  was  more  intense  than  the  rest  of  the 
solar  surface.  It  lasted  somewhat  longer  than  iive  minutes ;  and 
when  it  had  disaj)peared,  the  large  spot  seemed  to  be  unchanged. 
This  ])henomenon  was  also  seen  by  Mr.  Hodgson  at  Ilighgate, 
at  a  distance  of  some  miles  from  Red  Hill,  the  observatory  of 
Mr.  Carrington.  Both  observers  agree  in  fixing  the  time  of 
appearance  and  disappearance  (right  within  a  few  seconds)  at 
]1'»  18'"  and  11''  23"^  Greenwich  niean  time.  A  few  days 
afterwards  Mr.  Carrington  had  occasion  to  visit  the  JMeteorolo- 
gical  Observatory  in  Kew  ;  and  talking  about  the  j)hcnonienon, 
he  looked  at  tlie  photographical  records  inade  there  by  the  three 
magnetical  elements.     In  each  of  them  he  observed  a  great  dis- 
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turbance,  which,  as  far  as  he  could  judge,  had  taken  place  simul- 
taneously with  the  phenomenon  observed  in  the  sun's  photo- 
sphere. This,  I  think,  is  the  first  example  of  a  connexion 
between  the  physical  changes  in  the  photosphere  and  the  mag- 
netic storms  or  disturbances  indicated  by  me  in  the  year  1852/' 

Since  the  application  of  the  spectroscope  with  a  wide  slit  to 
the  observation  of  the  solar  surface,  and  chiefly  of  the  edges  of 
the  sun's  disk,  we  are  able  to  convince  ourselves  directly  of  the 
immense  power  of  the  eruptions ;  so  that  at  the  sight  of  these 
phenomena  the  probability  of  a  strong  reaction  on  the  liquid 
surface  and  its  currents  is  increased  almost  to  conviction. 

Through  a  friendly  communication  from  Professor  C.  A.Young, 
Dartmouth  College,  America,  who  is  in  possession  of  excellent 
spectroscopic  instruments  which  he  himself  has  much  improved 
by  ingenious  arrangements,  I  am  in  a  position  to  illustrate  here 
such  an  eruption  by  drawings  and  numerical  measurements. 
The  eruption  referred  to  belongs  probably  to  the  most  intense 
and  powerful  which  have  been  registered  during  the  short  time 
of  spectroscopic  observations  of  the  sun.  The  short  description 
of  the  phenomenon  with  the  drawings  of  the  observer,  as  com- 
municated by  Professor  Young  to  the  '  Boston  Journal  of  Che- 
mistry,' were  sent  to  mc  while  this  paper  was  being  printed. 

[As  the  description  is  given  in  the  January  Number  of  the 
Phil.  Mag.,  it  is  not  necessary  to  reproduce  it  here.  Vide  supni, 
pp.  76-79.] 

It  is  to  be  seen  from  this  description  how  great  reactions 
take  place  on  the  solar  surface,  and  how  probable,  according 
to  my  theory,  the  supposition  is  that  such  sudden  appearances 
must  generate  magnetical  changes  in  the  sun  which  must  re- 
flect themselves,  if  sufficiently  intense,  in  the  magnetic  condition 
of  the  earth*. 

If  I  am  allowed  to  compare  the  character  of  the  phenomena 
just  described  with  terrestrial  appearances,  I  may  remind  the 
reader  of  air-  and  water-spouts,  where  for  a  long  time  quiet- 
ness and  stability  seem  to  reign,  which  suddenly  collapse,  be- 
traying by  mighty  movements  the  former  condition  of  whirl- 
like  movements  in  the  inner  masses.  Indeed  the  five  stems  in 
fig,  1  recalled  to  my  mind  such  phenomena. 

18. 

These  facts  will  be  sufficient  for  the  present  to  show  at  least 
the  probability  of  the  existence  of  a  connexion  between  the  mag- 
netic condition  of  the  earth  and  sudden  changes  on  the  solar  sur- 

*  Duriunj  the  priutiug  I  receive  the  news,  as  an  answer  to  an  inquiry 
directed  to  the  Astronomer  Royal  (Mr.  Airy),  that  about  three  hours  after 
that  exj)losiou  a  magnetic  storm  began  to  rage  on  the  earth. 
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face.  ]\Iost  likely  the  observations  of  the  next  few  years  will 
place  this  relation  beyond  all  doubt. 

AVe  must  now  ask  whether  the  moon  can  also  have,  according 
to  my  theory,  a  magnetic  inflaence  on  the  earth,  and  of  what  kind 
this  intiucuce  must  be. 

The  magnetic  influence  at  a  distance  of  the  hea>€nly  bodies  is, 
according  to  the  theory  developed  here,  connected  with  two  con- 
ditions : — 

1.  The  existence  of  liquids  flowing  according  to  definite  laws, 
either  on  the  surface  or  in  the  interior  of  the  bodies. 

2.  The  bodies  must  have  such  dimensions  that  their  size  is 
not  too  small  in  comparison  with  their  distance,  so  that  an  incli- 
nation of  their  magnetic  axis  may  cause  a  diff"erence  in  the  action 
of  the  two  poles. 

The  first  of  these  conditions  may  be  regarded  as  not  fulfilled 
in  the  moon,  if  we  consider  its  time  of  rotation  as  well  as  its 
general  exterior  appearance.  But  it  is  known  that  the  second 
condition  is  the  cause  of  the  tides. 

If,  therefore,  the  moon  were  of  a  magnetic  mass  or  of  one 
liable  to  electric  induction,  i.  e.  if  its  chief  constituents  were  good 
conductors,  the  varying  j)osition  of  the  earth's  axis  with  resjjcct 
to  the  moon  would  necessarily  have  an  influence  upon  the  earth's 
magnetism.  This  influence,  according  to  our  theorj^,  is  incon- 
ceivable without  a  simultaneous  reaction  on  the  inner  streams  of 
the  earth.  It  follows  that  the  influence  which  the  moon  or  any 
heavenly  body  exerts  on.  the  earth  by  induction  cannot  be  so 
sin)ple  as  the  inductive  actions  we  observe  in  our  laboratories  in 
solid  masses  of  small  dimensions.  Therefore  we  can  in  general 
only  expect  to  find  the  duration  of  the  period  which  depends  on 
the  declination  and  hour-angle,  while  the  times  of  maximum  and 
minimum  can  only  be  found  theoretically  by  taking  account  of  the 
mechanical  reaction  necessarily  accompanying  magneticinduction. 

I  take  the  liberty  of  stating  in  the  following  the  facts  proved 
by  the  observations  of  reliable  ])hilosophcrs,  and  I  leave  to  the 
reader  to  form  an  independent  judgment  as  to  how  far  these  ob- 
servations can  be  taken  as  confirmations  of  the  above  conse- 
quences of  my  theory. 

As  regards  the  historical  question  of  the  discovery  of  a  mag- 
netic influence  of  the  moon  upon  the  earth,  I  cite  the  words  of 
Lamont*. 

"  Kreil  was  the  first  who  deduced  from  his  observations  an  in- 
fluence of  the  moon  on  the  declination,  and  then  also  on  the  in- 
tensity; his  results  were  confirmed  by  Brown,  who  also  found  an 
influence,  which,  h()W<'ver,  was  nnt  the  same  in  all  seasons;  re- 
cently Airy  has  occu|)icd  himself  with  this  problem,  and  arrived 
'  Berliner  Bcrichlc  dcr  pltysikuliichcii  Gcsdlsclwft,  1S61,  p.  6o8. 
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at  scries  of  numbers  which  show  increase  and  decrease  when 
compared  with  the  course  of  the  moon. 

"  Sabine  is  the  only  one  who  found  the  same  law  for  all  stations 
of  observation  and  in  different  seasons." 

I  shall  confine  myself  in  the  following  to  considering  in  detail 
the  results  of  Sabine. 

His  first  paper  is  entitled  ''  On  the  Evidence  of  the  existence 
of  the  Decennial  Inequality  in  the  Solar-diurnal  Variations,  and 
its  non-existence  in  the  Lunar-diurnal  Variation  of  the  iMaguetic 
Declination  at  Hobarton"*. 

In  this  memoir  the  hourly  observations  of  Toronto  are  divided 
into  several  periods,  and  the  lunar  infiuence  is  deduced  from  each 
of  these  periods.  All  the  individual  periods  lead  consistently 
to  the  following  results  : — 

1.  The  moon  manifests  its  influence  in  the  variation  of  all  the 
magnetic  elements ;  its  action  can  decidedly  be  shown  to  exist 
in  declination,  dip,  and  intensity. 

2.  The  lunar  influence  consists  of  a  regular  period  with  double 
maximum  and  double  minimum  ;  the  maxima  are,  for  the  decli- 
nation, 6  hours  and  18  hours,  for  dip  3  hours  and  11  hours,  and 
for  intensity  3  hours  and  16  hours,  after  the  upper  culmination  ; 
the  magnitude  of  the  periods  (difference  between  maximum  and 
minimum)  is,  for  declination,  0''64',  for  inclination  0'*07,  for  total 
intensity  0'-000012. 

3.  These  movements  may  be  explained  by  the  hypothesis  that 
the  earth  induces  magnetism  in  the  moon. 

4.  The  lunar  influence  docs  not  show  any  trace  of  a  decennial 
period. 

The  last-mentioned  result,  which  constitutes  a  characteristic 
diff'erence  between  the  magnetic  influence  of  sun  and  moon, 
might  be  considered,  from  what  has  been  said  at  the  beginning 
of  this  section,  a  confirmation  of  the  conclusion  that  in  the  inner 
part  of  the  moon  no  glowing  liquid  mass  is  present  which  could 
give  rise  to  disturbances,  or  that,  if  these  currents  arc  present, 
they  are  not  subjected  to  such  changes  as  those  on  the  solar 
surface  by  the  periodically  changing  quantity  of  sun-spots. 

A  second  paper  of  Sabine  has  the  title  "  On  the  Lunar-diurnal 
Variation  of  the  Magnetic  Declination  obtained  from  the  Kew 
Photograms  in  the  y^ears  1858,  1859,  and  1860  "t. 

In  this  paper  Sabine  deduces  the  influence  of  the  moon  from 
the  photographically  registered  observations  of  Kew,  and  shows 
that  there  exists  a  regular  period  with  two  maxima  and  two 

*  Proceedings  of  the  Roval  Society,  vol.  viii.  p.  314  (1857);  Phil.  Trans. 
1S57,  pp.  1-9. 

t  Proceedings  of  the  Royal  Society,  vol.  xi.  pp.  73-80.  Phil.  Mag.  1861, 
Ser.  A,  vol.  xxii.  p.  479-485. 
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minima  (analogous  to  flux  and  reflux);  the  numbers  deduced  for 
the  difl"ercnt  years  sliow  a  remarkable  consisteney.  On  the  other 
hand,  Sabine  proves  that  the  movements  at  Kevv  correspond 
exactly  to  those  at  Hobarton,  with  the  exception  tliat  in  the  two 
opposite  hemispheres  they  are  in  the  inverse  direction;  that  is 
to  say,  the  north  end  of  needle  in  the  northern  hemisphere  moves 
as  the  south  end  does  in  the  southern  hemisphere.  The  differ-- 
ence  in  the  magnitude  of  the  movement  is  easily  explained  if  we 
consider  the  ditference  in  horizontal  intensity  at  the  two  jjlaces. 
In  Kevv  this  intensity  is  3'7,  and  in  Hobarton  4'5  (absolute 
English  units).  Sabine  does  not  make  any  supposition  in  order 
to  explain  the  difl'ereuce  in  sign,  but  only  remarks  that  "  we  may 
assume  either  a  direct  influence,  i.  e.  an  attraction  of  the  needle 
by  the  moon,  or  an  indirect  influence,  i.  e.  a  magnetization  of 
the  earth's  nucleus  by  the  moon : "  these  are  the  words  of  La- 
mont  referring  to  the  contents  of  another  paper  by  Sabine. 

The  circumstance  which  is  urged  as  not  explained,  that  the 
form  of  the  magnetic  influence  is  diff'ereut  in  the  two  hemispheres, 
is,  according  to  my  theory,  as  shown  above,  a  physical  necessity. 

I  only  state  these  facts,  which  confirm  that  the  magnetic  influ- 
ence of  the  moon  is  just  as  we  expected  it  to  be  from  our  theory, 
and  will  not  give  any  opinion  whether  the  change  in  the  mag- 
netic constants  which  was  recently  observed  at  the  beginning  of 
the  totality  of  a  solar  eclipse  is  caused  by  the  increased  magnetic 
action  of  sun  and  moon,  or  rather  by  a  mechanical  influence  in 
the  form  of  a  tidal  or  pressure-wave  in  the  glowing  liquid  nucleus 
of  the  earth. 

My  opinion  of  a  mechanical  reaction  on  the  glowing  streams 
in  the  earth  which  accompanies  every  magnetic  induction  and 
the  complication  of  the  phenomena  caused  by  this  will  be  sup- 
ported by  a  theoretical  research  of  Lloyd,  by  which  he  proves 
that  the  influences  of  sun  and  moon  are  rather  caused  by  an  in- 
direct than  by  a  direct  influence  on  the  earth. 

The  paper  bears  the  title -!=  "  On  the  direct  ]\Iagnetic  Influ- 
ence of  a  distant  Luminary  upon  the  Diurnal  Variations  of  the 
]\Iagnetic  Force  at  the  Earth's  Surface.  By  the  Kev.  H. 
Lloyd." 

In  the  introductory  words  the  author  remarks : — 

"  It  has  been  usual  to  ascribe  the  ordinary  diurnal  variations 
of  the  terrestrial  magnetic  force  to  solar  heat,  either  operating 
directly  upon  the  magnetism  of  the  earth,  or  generating  thermo- 
electric currents  in  the  crust.  The  credit  of  these  hypotheses 
has  been  somewhat  weakened  by  the  discovery  of  a  variation 
which  is  certainly  independent  of  any  such  cause,  namely  the 
lunar  variation  of  the  three  magnetic  elements ;  while  at  the 
*  Phil.  Mag.  S.  4.  vol.  xv.  \^\>.  193-196  (1858). 
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same  time  new  laws  of  the  solar-diurnal  change  have  been  esta- 
blished, which  are  deemed  to  be  incompatible  with  the  suppgsi- 
tion  of  a  thermic  agency.  There  has  been,  accordingly,  a  ten- 
dency of  late  to  recur  to  tlie  hypothesis  that  the  sun  and  moon 
are  themselves  endued  with  magnetism,  whether  inherent  or  in- 
duced ;  and  it  is  therefore  of  some  importance  to  determine  the 
effects  which  such  bodies  would  produce  at  the  earth's  surface, 
and  to  compare  them  with  those  actually  observed. 

"  I  have  endeavoured,  in  what  follows,  to  solve  this  question  on 
the  assumption  that  the  supposed  magnetism  of  these  luminaries 
is  inherent.  The  result  will  show  the  insufficiency  of  the  hypo- 
thesis to  explain  the  phenomena — and  will  therefore  bring  us  one 
step  nearer  to  their  explanation,  by  the  removal  of  one  of  their 
supposed  causes.'' 

The  results  of  the  analytical  research  which  follows  are  summed 
up  by  the  author  in  the  following  words  : — 

"  From  the  foregoing  we  learn  : — 

"  1.  That  the  effect  of  a  distant  magnetic  body  on  each  of  the 
three  elements  of  the  earth's  magnetic  force  coi.sists  of  two 
parts,  one  of  which  is  constant  throughout  the  day,  while  the 
other  varies  with  the  hour-angle  of  the  luminary. 

"  2.  Each  of  these  parts  varies  inversely  as  the  cube  of  the 
distance  of  the  magnetic  body. 

"  3.  The  variable  part  will  give  rise  to  a  diurnal  inequality, 
having  one  maximum  and  one  minimum  in  the  day,  and  subject 
to  the  condition 

"  The  third  of  these  laws  does  not  hold,  with  respect  either  to 
the  solar  or  to  the  lunar-diurnal  variation.  Thus,  in  the  solar- 
diurnal  variation  of  the  declination,  the  changes  of  position  of 
the  magnet  throughout  the  night  are  comparatively  small,  and 
do  not  correspond,  with  change  of  sign  only  (as  required  by  the 
foregoing  law),  to  those  which  take  place  at  the  homonymous 
hours  of  the  day. 

"The  phenomena  of  the  lunar- diurnal  variation  are  even  more 
opposed  to  the  foregoing  law,  the  variation  having  two  maxima 
and  two  minima  of  nearly  equal  magnitude  in  the  twenty-four 
lunar  hours,  and  its  values  at  homonymous  hours  having  for  the 
most  part  the  same  sign.  Hence  the  phenomena  of  the  diurnal 
variation  are  not  caused  by  the  direct  magnetic  action  of  the 
sun  and  moon." 

In  the  discussion  of  this  paper*,  Lamont  agrees  perfectly 
with  these  results,  and  concludes  his  account  with  the  following 
words : — 

"  From  this  Mr.  Lloyd  draws  justly  the  conclusion  that  the 
*  Berliner  Berichte  der  phys.  Ges.,  1858,  p.  592. 
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daily  variations  of  the  earth's  magnetism  cannot  be  accounted 
for  Jby  a  direct  magnetic  influence  of  sun  and  moon/' 

I  believe  I  can  show  still  clearer  by  the  following  the  in- 
sufficiency of  the  supposition  of  a  direct  magnetic  influence  of 
sun  and  moon  as  the  only  cause  of  the  action  of  these  bodies. 

By  whatever  cause  a  heavenly  body,  as  for  instance  the 
sun,  acquires  magnetic  polarity,  we  must  think  it  probable, 
according  to  the  phenomena  presented  to  us  by  earthly  bodies, 
that  the  potentials  of  the  two  opposite  and  separated  magne- 
tisms are  equally  great.  If  the  sun  possessed  two  magnetic 
poles,  the  earth  in  its  yearly  course  round  the  sun  v/ould 
necessarily  come  twice  into  a  position  in  which  the  magnetic 
induction  of  the  two  poles  would  destroy  each  other.  At 
these  two  days  of  the  year  the  daily  variation  would  disappear 
if  it  were  only  produced  by  direct  magnetic  induction.  We  have 
here  supposed  that  the  two  magnetic  poles  coincide  with  the  geo- 
graphical poles.  But  if,  as  in  the  earth,  this  is  not  the  case*,  and 
if  the  mutual  distance  and  the  intensity  of  the  two  magnetic  poles 
are  sufficiently  great  compared  with  their  distance  from  the  earth, 
the  daily  variations,  if  only  produced  by  the  changes  of  position 
of  these  two  poles  by  the  sun's  rotation,  would  necessarily  disap- 
pear about  every  thirteen  days,  and  then  reach  a  positive  or  ne- 
gative maximum  corresponding  to  the  induction  of  the  sun's 
north  or  south  pole.  By  this  consideration,  therefore,  we  obtain 
an  empirical  criterion  for  deciding  the  question  whether  the  sun 
exerts  an  appreciable  magnetic  induction  upon  the  earth,  and 
whether  the  daily  variations  are  only  produced  by  this  induc- 
tion, or  whether  other  causes  come  into  play. 

19. 

Bearing  in  mind  the  magnetic  influence  of  the  moon  which  we 
have  discussed  above,  it  is  clearly  the  most  probable  supposition 
that  the  sun  exerts  a  double  influence — a  direct  magnetieal  one, 
and,  secondly,  as  in  the  case  of  the  moon,  a  dynamical  one, 
through  the  generation  of  a  wave  of  pressure  in  the  glowing  liquid 
nucleus  of  the  earth.  This  dynanucal  influence  alone  would,  ac- 
cording to  my  theory,  be  sufficient  to  jjroduce  a  variation  of  the 
magnetic  constants.  It  is  to  be  seen,  from  the  difference  pointed 
out  by  Lloyd  between  the  daily  periods  of  the  sun  and  moon, 
that  the  latter  bear  the  character  of  a  tidal  wave  with  its  two 
maxima  and  minima  in  one  day. 

Mr.  Carl  Ilornstcin,  the  Director  of  the  observatory  in  Prague, 
in  a  paper  "  On  the  Dependence  of  Terrestrial  ^Magnetism  upon 
the  Sun's  Rotation,"  has  conflrmed  the  fact  that  the  sun  exerts 

*  On  the  necessity  of  this  non-coincidence,  and  its  physical  cause,  com- 
pare what  has  been  said  above,  §  8. 
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an  influence  of  tlie  above  kind  by  the  rotation  of  its  magnetic 
poles. 

Hornsteiu  justly  takes  for  the  time  of  rotation  of  the  sun  that 
of  the  equatorial  zone  as  found  by  the  observations  of  Carring- 
ton  and  Spcirer.  For  I  have  shown,  in  my  paper  "  On  the  Law 
of  the  Sun's  Rotation,"  that  the  curious  difference  in  the  times 
of  rotation  for  different  heliographic  latitudes  is  only  generated 
by  the  friction  against  the  polar  undercurrents;  and  it  is  there- 
fore clear  that  even  the  equatorial  part  of  the  sun  rotates  in  a 
time  slightly  different  from  that  of  the  inner  nucleus,  with  which 
time  the  magnetic  poles  are  connected. 

Hornsteiu  says,  speaking  of  the  difference  of  rotation  for  dif- 
ferent heliographic  latitudes:  — 

'^'^If  we  are  unwilhng  to  make  suppositions  which  are  in  con- 
tradiction with  the  fundamental  laws  of  mechanics,  we  must 
assume  the  time  of  rotation  of  the  sun-spots  at  the  equator 
(24-"541  days),  or  one  very  near  it,  to  approach  nearest  to  the  real 
time  of  rotation  of  the  sun." 

Then  Hornsteiu  explains  the  reasons  which  first  lee-  him  to  the 
idea  that  possibly  the  magnetic  variations  on  the  earth  might 
show  a  dependence  upon  the  time  of  rotation  of  the  sun. 

The  words  of  Hornsteiu  are  the  following  : — 

''  It  has  been,  as  is  known,  observed  several  times  during  the 
last  few  years  that  exceptional  changes  on  the  sun's  surface  hap- 
pened simultaneously  with  great  changes  of  the  direction  and 
force  of  the  earth's  magnetism.  At  the  same  time  it  has  been 
proved,  by  the  important  researches  of  Sabine,  AVolf,  Lamont, 
and  others,  that  the  mean  daily  variations  of  magnetic  declina- 
tion show  the  same  period  of  eleven  years  as  the  sun-spots, 
and  that  the  same  thing  holds  for  the  variation  of  horizontal  in- 
tensity. This  is  a  proof  that  great  changes  on  the  sun's  surface 
(which  are  most  likely  nothing  but  great  revolutions  in  the  sun's 
nucleus)  may  cause  changes  in  the  elements  of  the  magnetic 
force  of  the  er.rth. 

"  Different  conditions  on  the  surface  of  the  sun  do  not  only 
take  place  in  the  course  of  the  eleven-year  period  of  the  sun- 
spots,  they  are  present  at  the  same  time  and  by  the  side  of  each 
other,  if  we  look  at  regions  of  different  heliographical  longitudes 
of  the  sun-spot  zone.  As  by  the  rotation  of  the  sun  all  these 
regions  are  turned  one  after  the  other  towards  the  earth,  and  as 
during  this  period  every  point  of  the  zone  mentioned  changes  its 
distance  from  the  earth  nearly  by  an  entire  diameter  of  the  sun, 
I  came  to  the  idea  to  look  whether  I  could  not  find  periodical 
changes  in  the  elements  of  the  earth's  magnetism,  the  period  of 
which  is  equal  to  the  synodic*  time  of  rotation  of  the  sun,  or  any 
aliquot  part  thereof. 

*  That  is,  with  regard  to  the  earth's  moveineut,  the  time  required  for 
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"  I -have  extended  my  researches  over  all  three  elements ;  and 
from  the  discussion  of  the  observations  made  during  several 
years  at  Prague,  Vienna,  and  other  places,  it  follows  that  the 
changes  of  each  of  the  three  elements  of  the  constant  force  indi- 
cate a  period  of  about  26^^  days, — a  periodicity  which  can  be 
scarcely  explained  otherwise  than  by  the  action  of  the  sun." 

Hornstein  next  explains  the  method  he  has  pursued  in  dis- 
cussing the  observations,  and  continues  (p.  10)  with  the  follow- 
ing words  : — 

"  The  existence  of  au  oscillation  taking  place  in  nearly  twenty- 
six  days  has  therefore  been  proved  almost  beyond  doubt ;  and  I  do 
not  hesitate  to  regard  it  as  an  action  of  the  sun.  I  was  therefore 
obliged  to  take  into  account  the  above-mentioned  great  irregu- 
larity, which  is  shown  in  all  periodical  phenomena  of  the  sun 
and  the  phenomena  connected  with  it.  Indeed  the  mode  of 
proceeding  which  I  have  pursued,  and  which  would  give  the  more 
exact  results  the  more  regular  and  continuous  the  periodical  ap- 
pearances are,  would  only  yield  moderate  results  if  we  w^ere,  for 
instance,  to  employ  it  for  the  more  accurate  determination  of 
the  eleven-year  period  of  the  sun-spots.  I  therefore  first  in- 
quired whether  I  was  justified  in  assuming  that  the  mean  condition 
of  the  sun  during  a  series  of  rotations  is  constant  enough  to  give 
accurate  results.  I  have  therefore  separated  the  observations  for 
Prague  extending  from  the  19th  of  April  to  the  end  of  August 
1870,  and  containing  five  periods,  from  the  observations  of  Sep- 
tember 1,  1870,  to  the  beginning  of  1871  (containing  four 
periods).  Each  of  these  two  sets  of  observations  was  treated 
graphically.  I  arrived  at  the  following  numbers  for  the  oscilla- 
tion : — 

(April  to  August)  0-8  sin  (a; +  90°) ;  x  =  0  on  the  6th  of  May. 
(Sept.  to  Dec.)     .  0-8  sin  (^  +  90°) ;  x  =  0  on  the  11th  of  Sept. 

The  amplitude  therefore  remained  constant  during  many 
months.  The  period,  however,  found  in  this  way  is  somewhat 
shorter,  viz.  T  =  26*20  days.  This  result  is  in  part  favourable  to 
the  assumj)tion  of  the  constancy  of  the  sun's  condition  during  a 
longer  period. 

"  The  calculation  of  the  periodic  course  of  the  declination  for 
later  or  earlier  years  with  the  aid  of  the  results  of  1870  would 
be  more  decisive.  In  order  to  arrive  at  this  I  first  derived  a 
mean  value  for  T.     I  found, 

each  point  of  the  sun  to  come  to  the  same  jiosition  with  respect  to  the 
earth.  As  the  movement  of  the  latter  corresponds  with  the  direction  of 
rotation  of  the  sun,  the  synodic  time  of  rcvohition  is  of  course  f];reater  than 
the  sidereal  or  absolute  one.  Takin}^  the  above  value  for  the  absolute  time 
of  rotation,  the  synodic  time  would  be  about  2()'33  days. 
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days. 

From  the  declination  at  Prague  in  1870  (calculated)   T  =  26-69 

„  ,,  „  „         (graphically)    „  26-20 

„  „  Vienna  in  18/0  (calculated)      „  26"39 

„        dip  at  Prague  in  1870     .     .     (calculated)     „  26'03 

The  mean  value^ 

T  =  26-33  days, 

may  be  regarded  as  the  most  probable  duration  of  the  period, 
and  hence  as  the  result  of  the  first  attempts  to  calculate  the  syno- 
dical  time  of  rotation  of  the  sun  by  the  aid  of  the  magnetic 
needle. 

"  The  true  time  of  rotation  of  the  sun  is  found  from  this  to 
be  =24-55  days,  or  almost  exactly  the  same  as  the  time  of  re- 
volution of  the  sun-spots  near  the  equator  as  found  by  the 
astronomical  observations  of  Sporer. 

"  I  have  represented  graphically,  and  investigated  with  refer- 
ence to  the  26^-day  period,  a  series  of  magnetical  observations 
at  Prague,  Vienna,  Kremsmiinster,  Dublin,  Toronto,  St.  Helena, 
&c.,  extending  over  several  years ;  and  I  have  partly  subjected 
them  to  calculation." 

The  two  Plates  which  accompany  the  paper,  and  cannot  here 
be  reproduced,  show  graphically  the  periodicity  mentioned.  To 
the  values  of  a  dotted  line  constructed  by  means  of  the  mean 
monthly  values  of  declination  Hornstein  added  the  periodical 
oscillation,  and  joined  the  points  so  found  by  a  red  line.  He 
remarks  as  follows  with  reference  to  this  line  : — 

"  In  this  way  the  red  line  was  drawn,  which  (with  unimportant 
exceptions  at  the  end  of  1869)  is  in  harmony  with  the  real  course 
of  the  declination  as  far  back  as  the  beginning  of  1869,  or  twenty 
full  rotations  of  the  sun  before  the  middle  of  1870.  This  is  a 
confirmation  of  the  supposition  that  through  many  rotations  the 
sun  was  in  a  state  of  quietness,  in  consequence  of  which,  in  spite 
of  great  revolutions,  the  same  part  exerted  always  about  the  same 
inriuence." 

I  have  taken  the  liberty  to  give  in  detail  this  important  and, 
for  the  understanding  of  the  magnetic  relations  existing  between 
sun  and  earth,  most  valuable  research  of  Hornstein,  because, 
besides  its  general  importance,  it  is  a  proof  for  the  views  here 
developed  on  the  physical  origin  of  the  magnetic  action  of  the 
heavenly  bodies. 

It  is,  however,  easily  shown  that  the  occurrences  on  the  sun^s 
surface  which  Hornstein  mentions  at  the  beginning  of  his  paper 
cannot  be  the  cause  of  the  discovered  periodicity ;  for,  besides 
the  difficulty,  admitted  by  himself,  of  thereby  explaining  the 
constancy  of  the  magnetic  action  of  a  definite  point  of  the  sun's 
surface,  there  are  many  reasons  against  it. 
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Suppose  \vc  liad  a  magnet  at  the  mean  distance  of  tlie  earth 
iVoiii  the  sun,  the  length  of  which  was  equal  to  the  earth's  diame- 
ter. In  the  most  favourable  condition  a  mass  able  to  be  mag- 
netized on  the  sun's  surface  could  only  be  yp^Vj^  nearer  to  one 
end  of  the  needle  than  to  the  other.  The  variation  of  this  frac- 
tion in  consequence  of  the  sun's  rotation  could  not  be  perceptible, 
even  without  regard  to  the  fact  that  any  local  magnetic  pheno- 
menon on  the  sun  must  be  accompanied  by  both  magnetisms, 
which  would  destroy  each  other  in  consequence  of  the  small  dif- 
ference in  distance  at  which  they  are  from  the  earth. 

The  conditions  will  be  found  to  be  quite  different  if  we  con- 
sider the  sun  itself  to  be  a  large  magnet  which,  as  it  does  not 
coincide  with  the  axis  of  rotation,  is  subjected  to  a  nnitation,  just 
as  the  magnetic  axis  of  the  earth,  in  consequence  of  the  rotation 
of  the  heavenly  body.  Supposing,  for  instance,  the  magnetic 
poles  of  the  sun  had  heliographic  latitudes  of  70^,  similar  to  that 
of  the  magnetic  north  pole  of  the  earth,  the  variation  produced 
by  their  rotation  would  amount  to  about  one  per  cent  of  the  total 
magnetic  force  exerted  by  the  sun  upon  the  earth.  At  the  same 
time  the  constancy  in  the  situation  of  the  magnetically  active 
poles,  which  is  discussed  by  Hornstein,  is  found  to  be  a  physical 
necessity  under  this  supposition  (which,  according  to  my  theory, 
is  a  consequence  of  the  premises  made). 

If  the  sun,  in  consequence  of  the  continually  unequal  distances 
of  its  two  magnetic  poles  from  the  earth,  acts  magnetically  on 
the  earth,  it  is  clear  that  the  mean  inclination  of  the  magnetic 
axis  of  the  earth  must  have  a  considerable  influence  over  the 
strength  of  the  induction.  It  will  therefore  depend  upon  the 
position  as  well  as  relative  intensity  of  the  earth's  poles  (perhaps 
also  upon  the  secondary  influences  of  heating  and  cooling  in 
summer  and  winter)  what  modifications  the  periodical  variations 
will  undergo  in  the  course  of  the  day  or  the  year. 

It  is  self-evident  that,  according  to  my  theory,  the  distribution 
of  heat  and  cold  on  the  earth's  surface  must  have  an  influence 
on  the  glowing  streams  within  the  earth.  M'hether  we  can 
perceive  this  influence  in  the  magnetic  variations  caused  by  it, 
depends  on  its  intensity,  and  cannot  be  decided  a  priori,  but 
onjy  eni])incally.  There  arc,  however,  some  observations  which 
I  think  can  only  be  exj)lained  by  an  influence  of  the  distribution 
of  temperature,  or  of  the  inner  conliguratiun  of  the  earth's  crust. 

Sabine*,  for  instance,  has  found  in  his  magnetic  observations  at 
Spitzbergen  that  the  influence  of  the  sun's  ])osition  upon  the 
daily  variations  of  declination  is  much  more  decided  and  regular 
than  at  other  places.  On  this  subject  the  rej)orter  in  Gehler's 
H'orterbuch  (vol.  vi.  p.  1097)  says: — 

*  Au  arcount  of  Expcriiiu'nts  to  tlctcrniiiic  tlu'  lM{.nuc  of  ihv  Kurtli  (  llli 
e.l.,  London,,  IS j:)),i).rAI(). 
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''\i  is  remarkable  that  in  this  place,  where  the  unequal  in- 
fluence of  land  and  water  disappears,  as  the  whole  surround- 
ing parts  form  a  nearly  continuous  cover  of  ice,  the  variation 
exactly  coincides  with  the  course  of  the  sun.  This  would  be  an 
important  argument  for  the  derivation  of  the  magnetism  from 
the  sun^s  rays/^ 

The  results  of  Lenz*  point  to  a  similar  relation  of  a  permanent 
distribution  of  temperature  on  the  surface  of  the  earth  to  the 
imier  movement  in  the  glowing  liquid  mass.  The  paper  of  Lenz 
bearing  on  this  question  was  published  under  the  title  of  "  In- 
vestigation of  an  Irregular  Distribution  of  the  Earth's  Magnetism 
in  the  northern  portion  of  the  Gulf  of  Finland." 

In  a  report,  Lament  says  concerning  the  results  of  this  re- 
search : — 

"  The  paper  of  Lenz,  announced  in  the  Berliner  Berichten,  1 860, 
p.  654,  on  the  local  disturbances  at  the  entrance  of  the  Gulf  of 
Finland,  has  now  appeared,  and  contains  exact  information  about 
the  instruments  and  methods  of  reduction,  the  immediate  results 
of  observations,  and  the  values  calculated  therefrom  for  the  three 
rectangular  magnetic  components.  The  result  is  tliat  we  have 
to  consider  the  island  of  Jussar-oe  a  great  natural  magnet, 
whose  north  pole  is  to  the  north-west  and  south  pole  to  the 
south-east.  Ey  this  hypothesis,  however,  the  phenomena  are 
only  explained  in  their  general  character ;  and  if  we  go  into 
details,  we  shall  find  that  the  magnetism  is  irregularly  distributed 
over  the  island  itself;  and  the  abnormal  distribution  is  not 
confined  to  the  island  and  its  immediate  neighbourhood,  but 
extends  over  a  wide  area.  It  would  be  of  interest  to  continue 
this  research  still  further,  and  especially  to  begin  observations 
on  the  south  coast  of  the  Gulf,  where  the  existence  of  a  local  dis- 
turbance has  been  shown  to  exist.  M.  Lenz  seeks  the  origin 
of  the  disturbance  in  the  huge  beds  of  ice  which  are  found  in 


that  place." 


[To  be  contiuued.] 
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A  Treatise  on  the  Theory  of  Friction.  By  Jonx  H.  Jellktt,  B.D., 
Senior  Fellow  of  Triuily  College,  Dublin  ;  President  of  the  Royal 
Irish  Academy.  Dublin  :  Hodges,  Foster,  and  Co.  London : 
Macmillan  and  Co.      1872.     (8vo.  pp.  220.) 

TN  all  cases  of  equilibrium,  where  a  body  restfe  against  one  or  more 
-*-  fixed  surfaces,  it  is  usual  to  assume  that  the  reaction  of  each  fixed 
surface  takes  place  along  the  normal  at  the  point  of  contact.  By 
this  assumption  an  approximate  solution  is  obtained  of  many  ques- 
tions which  become  much  more  ditiicult,  or  even  insoluble,  if  a  closer 
'  Mem.  de  I' Acad,  de  St.  Pcttrshourg,  vol.  iii.  pp.  l-i38. 
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ni)j)roximation  to  their  real  conditions  is  attempted.  In  all  actual 
cases,  however,  surfaces  are  capable  of  exerting  a  tangential  as  well 
as  a  normal  reaction ;  and  the  conditions  of  these  cases  are  much 
more  closely  represented  if  it  is  assumed  that,  as  well  as  a  normal 
reaction  (R),  there  is  also  a  friction  or  tangential  resistance  (F) 
which  acts  in  any  direction  needed  to  o])pose  sliding,  and  of  any 
amount  needed  for  equilibrium  up  to  a  limiting  value  ^11,  where  /(, 
the  coefficient  of  friction,  has  a  definite  numerical  value  depending 
on  the  surfaces  of  contact.  The  object  of  Mr.  .lellett's  Treatise  is 
to  discuss  the  properties  and  effects  of  this  force  as  a  part  of  rational 
mechanics,  and  not  merely  to  consider  it  as  a  force  by  reason  of 
which  certain  corrections  have  to  be  applied  to  results  obtained  on 
the  supposition  of  perfect  smoothness  before  those  results  are  capable 
of  useful  application  (p.  v), — in  other  words,  to  trace  out  the  conse- 
quences that  follow  from  the  assumption  that  the  reactions  follow 
this  law  absolutely. 

The  contrast  between  the  usual  and  the  more  exact  assumptions 
can  be  made  as  follows  : — Suppose  a  j^oint  acted  on  by  any  forces  to 
rest  against  a  plane  ;  let  Q  be  the  resultant  of  all  the  forces,  the  re- 
action of  the  plane  excepted;  let  a  cone  be  described  round  the  nor- 
mal as  axis,  with  the  point  as  vertex,  and  semi-  vertical  angle  equal  to 
the  angle  of  friction  (tan~'  ^).  If  the  plane  were  smooth,  the  con- 
dition of  equilibrium  would  be  that  Q  act  along  the  normal ;  but  if 
the  plane  is  rough,  Q  will  be  balanced  by  the  reaction  of  the  plane, 
provided  it  act  along  any  line  within  the  cone.  If  Q  act  along  a 
line  on  the  surface  of  the  cone,  the  point  is  in  an  extreme  position, 
i.  e.  it  is  on  the  point  of  shding*.  This  does  not  seem  a  very  serious 
modification  of  the  conditions ;  but  when  its  consequences  are 
worked  out  in  any  particular  case  they  frequently  show  the  problem 
in  an  entirely  new  light.  Speaking  generally,  the  effect  is  to  in- 
troduce into  the  solution  quantities  which  are  indeterminate  and 
limited  by  one  or  more  inequalities,  instead  of  quantities  which  would 
admit  of  exact  determination  if  the  surfaces  were  smooth.  The 
solution,  however,  ordinarily  becomes  determinate  if  we  suppose  it 
to  be  made  with  reference  to  an  extreme  ])osition  ;  but  even  then 
the  solution  is  generally  quite  different  from  what  would  be  obtained 
on  the  supposition  of  smoothness.  Accordingly,  in  chap.  ii.  and  iii., 
Mr.  Jellett  treats  the  subject  under  two  heads  :  he  discusses  (l)the 
conditions  to  be  fulfilled  when  equilibrium  exists,  and  ("2)  the  condi- 
tions under  which  bodies  are  in  an  extreme  position. 

Passing  from  the  case  of  equilibrium  to  that  of  motion,  the  fol- 
lowing points  are  discussed  in  chap.  iv.  and  v. : — the  motion  of  a 
particle  and  system  of  particles  on  rough  lines  and  surfaces,  that  of 
a  solid  body  on  a  rougli  plane,  and  the  initial  motion  of  a  system  of 
particles,   and  of  a  solid  body  on  rough  surfaces.     Indetcrminate- 

*  Tliis  gconu'tiical  conception  is  diu'  to  tlic  late  Canon  Moseley,  an 
author  who  man y  yi-iirs  aj^o  strongly  insisted  on  tlic  need  of  taking  account 
of  friction  in  meclianioal  questions,  and  cxcniplificd  liis  views  in  a  very 
elaborate  discussion  of  the  Tlieory  of  Machines  winch  forms  part  of  his 
'  Mechanical  Principles  of  Kngiueering.' 
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ness  meets  us  in  questions  of  motion  as  well  as  in  questions  of  equi- 
librium, e.  (J.  in  the  case  of  the  initial  motion  of  a  system  of  parti- 
cles, Mr.  Jellett  points  out  that,  "  it  is  easily  shown  by  the  principles 
of  ordinary  dynamics  that,  if  the  supporting  surfaces  be  smooth,  the 
initial  motion  and  all  subsequent  motions  are  perfectly  determi- 
nate;" and  when  the  surfaces  are  rough,  "the  equations  of  the 
problem  enable  us  to  determine  completely  the  condition  of  the 
moving  particles,  if  we  know  that  they  are  moving.  But  as  these 
equations  do  not  give  us  any  means  of  deciding  which  particles  are 
at  rest  and  ichich  are  in  motion,  the  initial  motion  of  the  system  .... 
remains  still  indeterminate."  The  amount  of  this  indeterminateness 
can  be  reduced  by  rejecting  certain  systems  of  movements  ;  but  when 
all  "have  been  rejected  except  such  as  are  both  geometrically  and 
dynamically  possible,  it  will  be  frequently  found  that  the  question 
remains  still  indeterminate  ;  e.  y.  this  will  be  in  general  the  case 
when  there  exists  an  equation  of  condition  involving  only  the  coor- 
dinates of  quiescent  particles  "  (pp.  104,  105,  109). 

The  sixth  chapter  is  devoted  to  the  questionof  ??eces5ary  and  j)05- 
sihle  equilibrium — a  distinction  to  which,  we  believe,  Mr.  Jellett  has 
been  the  first  to  draw  attention  ;  what  is  meant  by  i*  will  be  best 
understood  by  considering  a  particular  case : — Suppose  0  to  be  a 
point  in  front  of  a  vertical  wall ;  a  weightless  rod  is  fixed  by  one  end 
to  O  and  can  turn  freely  round  it  ;  it  carries  at  the  other  end  a 
heavy  point  P,  which  is  j^laced  against  the  wall.  If  the  rod  were 
allowed  to  turn,  the  locus  of  P  on  the  wall  would  be  a  circle ;  we 
Avill  suppose  C  to  be  the  centre  of  this  circle,  and  A  C  B  to  be  a  ver- 
tical diameter,  the  point  A  at  the  top ;  suppose  P  placed  in  some 
position  near  A,  and  let  0  and  /3  denote  the  angles  P  C  A  and  P  O  C 
respectively,  and  Q  the  reaction  transmitted  along  the  rod  from  O 
to  P.  Now  if  we  suppose  0j  to  denote  an  angle  such  that 
tan  0 1=1.1  cotan  /3,  then  if  t)<  0^  and  a  small  motion  is  communicated 
to  P  in  this  position,  the  forces  will  tend  to  destroy  this  motion,  and. 
the  position  is  one  of  necessai'y  equilibrium.  Next  let  the  question 
be  regarded  thus  : — By  resolution  of  forces  it  is  shown  that  the  nor- 
mal pressure  on  the  wall  is  Q  cos  ft,  and  that  the  square  of  the  re- 
solved pressure  on  the  plane  is 

y-  — 2r/Qsin/3cos  0  +  Q- sin- /3  ; 
so  that  there  will  be  equilibrium,  provided 

(f-  -  2gQ,  sin  /3  cos  0  -|-  Q'  sin''  /3  =  or  <  ii-(^-  cos'  /3. 
This  condition  cannot  be  fulfilled  for  any  value  of  Q  whatsoever  if 
sin  0>^  cotan /3 ;  there  is  therefore  a  limiting  value  0.,  such  that 
sin  02=ft  cotan  ft  ;  and  if  ()<0._,,  the  above  condition  will  be  fulfilled 
provided  Q  have  the  proper  value  ;  but  as  Q  is  quite  indeterminate, 
such  a  position  is  one  of  possible  equilibrium.  We  arrive,  therefore, 
at  the  following  result,  that  when  6<6^,  there  is  necessarihj  equili- 
brium, and  the  equilibrium  is  stable  in  the  sense  that  it  will  not  cease 
if  a  small  velocity  be  communicated  to  P  ;  butif  0>0i  and  <  0.,,  there 
will  be  equiUbrium  or  not,  according  to  the  actual  value  of  Q,  and  this 
equilibrium,  if  it  exist,  will  be  unstable. 
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It  need  hardly  be  said  that  this  indeterminatcncss  is  a  consequence 
of  the  conditions  assumed  for  the  purpose  of  simplifying  the  condi- 
tions of  the  questions  ;  it  docs  not  exist  in  nature.  Attention  is 
frequently  drawn  to  this  point  in  the  course  of  the  work  ;  and  a  short 
chapter  (chap,  vii.)  is  devoted  to  its  elucidation.  A  considerable 
number  of  particular  cases  are  worked  out  in  illustration  of  the  ge- 
neral theorems  ;  and  in  the  last  chapter  the  problems  of  the  top,  of 
friction-wheels,  and  of  the  driving-wheels  of  locomotive  engines  are 
considered  in  detail. 

In  concluding  our  notice  of  this  work  we  must  not  fail  to  add  that 
it  seems  to  us  one  of  conspicuous  originality  and  power  ;  it  is  plainly 
the  product  of  long  and  mature  thought ;  and  it  claims,  and  we  doubt 
not  will  receive,  the  careful  study  of  all  who  are  interested  in  the 
science  of  Theoretical  Mechanics. 

LIX.  Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 
[Continued  from  p.  396.] 
February  8,  18/2. — George  Biddell  Airv,  C.B.,  President     n  the 

Chair. 

THE  following  communications  were  read  : — 
"  Experiments  on  the  directive  power  of  large  Steel  Magnets,  of 
Bars  of  Magnetized  Soft  Iron,  and  of  Galvanic  Coils,  in  their  action 
on  external  small  Magnets."'     By  George  Biddell  Airv,  Astronomer 
Royal,  C.B.,  P.R.S. 

The  author,  after  adverting  to  some  imperfect  experiments  made 
by  Coulomb  in  the  last  century,  describes  the  apparatus  which  he  had 
himself  used.  lie  emj)loyed  a  bar-magnet  1-1  inches  in  length,  ])laccd 
in  one  series  with  its  edge  towards  the  small  compass  on  which  its 
directive  jjower  was  estimated,  and  in  another  series  with  its  flat 
side  towards  the  small  com])ass ;  also  a  galvanic  coil  13'4  inches  in 
length,  animated  by  a  battery  of  three  cells,  and  the  same  coil  with 
the  insertion  of  a  soft  iron  coil.  In  the  field  of  experiment  the  earth's 
magnetism  was  sensibly  neutralized  by  external  large  magnets.  The 
direction  of  the  needle  of  the  small  compass  was  estimated  by  eye. 
The  magnitude  of  the  directive  force  was  found  by  observing  the  po- 
sition taken  by  the  needle  when  the  poles  of  a  horseshoe-magnet 
were  ])laced  in  a  definite  position  above  it  :  for  the  measure  of  the 
force  of  the  galvanic  coil  without  core,  a  very  small  magnet  was  used 
in  the  same  manner;  its  power  was  found  to  be  about  ,0,,,  that 
of  the  horseshoe-magnet.  The  circle  on  which  the  dellections  were 
observed  was  graduated  to  cotangents,  which  gave  immediately  the 
measure  of  the  force  of  the  large  magnet  or  coil,  &c.  In  each  case, 
observations  were  taken  in  .30  stations  in  one  oval  ring  surrounding 
the  magnet  &c.,  and  in  'AS  stations  in  another  oval  ring  surrounding 
it  at  a  greater  distance.  Omitting  notice  of  the  measures  in  general, 
the  following  specific  ])oints  are  rejnarked  :  — 

At  a  constant  distance  i'rom  the  steel,  tJie  greatest  force  exerted 
by  n  magnet  is  not  the  longitudinal  force  at  the  end,  but  the  trans;- 
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versal  force  near  the  end.  In  going  round  the  magnet  there  arc  six 
maxima  and  six  minima  of  force. 

The  law  of  attraction  of  the  core  of  a  galvanic  coil  is  not  very  dif- 
ferent from  that  of  a  magnet. 

The  force  produced  by  the  core  within  the  coil  is  very  much 
greater  than  that  produced  by  the  coil  alone.  In  some  positions 
of  the  small  compass  it  is  about  forty  times  as  great,  and  in  some 
about  170  times  as  great. 

The  law  of  force  at  different  parts  of  the  coil  differs  greatly  from 
that  at  corresponding  parts  of  the  magnet  or  core.  In  the  coil  it  i?, 
])roportiGnally,  far  greater  at  the  end,  and  its  direction  is  different. 
Near  the  end  of  the  magnet  or  core  the  directions  of  force  converge 
to  a  point  within  it,  distant  from  the  end  by  about  jV  part  of  its 
length.  Near  the  end  of  the  coil,  the  directions  of  force  converge  to 
a  point  as  exactly  as  possible  at  the  centre  of  the  end  of  the  coil. 

The  author  then  describes  the  graphic  process  by  which  he  has 
resolved  the  entire  magnetic  forces  into  constituent  parts  in  the  di- 
rections longitudinal  and  transversal  to  the  magnet  at  every  station, 
and  gives  tabular  statements  of  the  magnitudes  of  those  constituent 
parts.  A  comparison  is  made  with  the  results  of  an  assumed  law, 
but  no  satisfactory  agreement  is  obtained. 

An  Appendix  is  subjoined,  containing  an  investigation  by  James 
Stuart,  Esq.,  of  the  theoretical  attraction  of  a  galvanic  coil  upon  a 
small  mass  of  magnetism,!  and  a  tabular  comparison  of  the  numerical 
values  obtained  from  this  investigation  with  the  numerical  values 
found  by  experiment.     The  agreement  is  satisfactory. 

"  On  a  mode  of  Measuring  the  Internal  Resistance  of  a  IMultiplc 
Battery  by  adjusting  the  Galvanometer  to  Zero."  B.  M.  Jules 
Raynaud. 

The  author  points  out  that  the  method  given  by  Mr.  Henry  INIance 
for  this  purpose,  and  described  in  vol.  xix.  of  the  '  Proceedings  of 
the  Royal  Society'  (p.  252)*,  is  identical  with  that  which  he  had 
himself  previously  given,  and  which  is  described  in  the  '  Comptcs 
Rendus'  for  July  22,  1867;  at  least  the  only  difference  is  that  iNI. 
Raynaud  prescribes  putting  the  poles  in  connexion  with  the  earth, 
which  of  course  is  not  necessary. 

LX.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  ABSORPTION-SPECTRA  OF  THE  VAPOURS  OF  SELENIUiAf, 
PKOTOCHLORIDE  AND  BROMIDE  OE  SELENIUM,  TELLURIUM, 
PROTOCIILORIDE  AND  PROTOBROMIDE  OF  TELLURIUM,  PROTO- 
BROMIDE  OF  IODINE,   AND   ALIZARINE.       BY  D.   GERNEZ. 

T  RECENTLY  announced  to  the  Academy  f  that  the  projjerty  of 
-^  giving,  by  interposition,  systems  of  dark  lines  in  continuous  lumi- 
nous spectra,  f<ir  from  being  exhibited  exceptionally  by  a  few  sub- 
stances, is  found  again  in  a  number  of  more  or  less  coloured  vapours, 
in  which  I  have  been  able  to  observe  them  l)y  oj)crating  on  a  sulli- 

*  Phil.  Mag.  S.  4.  vol.  xli.  p.  31S. 

t  Comptes  Rendus,  vol.  Ixxiv.  ])[).  GtiO  &  8(lo. 
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cient  thickness  of  the  vapours  raised  to  a  suitable  temperature.  By 
the  experiments  the  results  of  which  I  am  about  to  indicate,  eight 
substances  are  added  to  the  list  of  vapours  which  produce  an  ab- 
sorption-spectrum. 

Selenium,  heated  to  about  700°  C,  gives  a  vapour  of  which  a  few 
centimetres  thickness  is  reddish,  and  the  tint  becomes  more  red  as 
the  thickness  increases.  A  stratum  25  centims.  thick  absorbs  all 
the  rays  of  the  spectrum  as  far  as  the  red  region  near  the  place  oc- ' 
cupied  by  the  line  c  of  the  solar  spectrum.  When  we  make  the 
experiment  with  a  porcelain  tube  closed  at  its  two  ends  by  jjarallel 
I)lates  of  glass,  and  gradually  heated  by  a  row  of  gas-jets,  during  the 
whole  period  of  the  heating  we  observe  only  a  progressive  extinction 
of  all  the  regions  of  the  spectrum,  starting  from  the  most  refran- 
gible rays,  as  far  as  the  red,  without  any  trace  of  dark  lines ;  but  if 
we  continue  to  raise  the  temperature,  the  tint  of  the  more  expanded 
vapour  brightens,  and  the  different  regions  of  the  spectrum  reap- 
pear, furrowed  with  groups  of  black  bands  in  the  blue  and  the  violet. 
The  appearance  has  a  certain  resemblance  to  the  absorption-spectrum 
of  selenious  acid  which  I  recently  described ;  but  it  is  not  due  to 
the  accidental  production  of  that  substance,  as  I  have  assured  my- 
self by  always  heating  the  selenium  in  an  atmosphere  of  carbonic  acid 
carefully  dried,  which  does  not  produce  any  visible  trace  of  selenious 
acid. 

Protochloride  of  selenium,  obtained  by  bringing  dry  chlorine  upon 
an  excess  of  selenium,  is  a  brown  limi)id  liquid,  the  vapour  of  which 
furrows  the  sj)ectrum  with  lines  which  commence  at  the  boundary 
between  the  green  and  the  blue,  and  extend  as  far  as  the  extremity 
of  the  violet. 

Bromide  of  selenium,  exercises  its  absorbent  properties  inadiff'erent 
region  of  the  spectrum.  It  produces  systems  of  nearly  equidistant 
lines  w'hcn  observed,  like  the  protochloride,  in  a  thickness  of  10 
centims. 

Tellurium  is  more  favourable  than  the  preceding  substances  for 
the  observation  of  the  phenomenon.  Heated  in  a  tube  of  green 
glass  of  2  or  3  centims.  diameter,  previously  filled  with  dry  carbonic 
acid,  at  a  temperature  near  that  at  which  the  glass  begins  to  melt,  it 
emits  a  golden-yellow  vapour,  which  produces  a  very  brilliant  ab- 
sorption-spectrum, much  more  extended  towards  the  red  than  those 
of  tulphur  and  selenium,  and  com])osed  of  systems  of  fine  lines 
spreading  out  from  the  yellow  as  far  as  into  the  violet. 

Protochloride  of  tellurium  was  prejjared  by  the  action  of  dry  chlo- 
rine on  tellurium  contained  in  a  narrow  tube.  It  forms  a  black 
mass  fusible  into  a  red  liquid,  which  is  reduced  into  a  yellow  vapour 
that  acts  very  vigorously  upon  light.  One  cenlim.  thickness  is 
sufficient  for  the  observation  of  the  absorption-spectrum  of  this  sub- 
stance, which  is  peculiarly  devclo])ed  in  the  orange  and  the  green. 

Vrotoljroviide  (f  tellurium  is  obtained  easily  by  the  action  of  bro- 
mine on  an  excess  of  tellurium.  It  is  a  crystallized  substance  which, 
l)y  the  action  of  heat,  emits  a  violet  vapour  that  gives  an  absorption- 
spectrum  the  most  remarkable  lines  of  which  are  in  the  red  and  the 
yellow. 
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Protobromide  of  iodine  is  a  solid  which  may  be  obtained  crystal- 
lized by  sublimation.  At  the  ordinary  temperature  it  emits  a 
vapour  a  slight  thickness  of  which  is  of  a  copper-red  colour,  while 
80  centims.  thickness  has  a  currant-red  tint.  The  absorption- 
spectrum  of  this  vapour,  of  the  same  kind  as  those  of  iodine  and 
bromine,  consists  of  very  fine  lines  situated  in  the  red,  the  yellow, 
and  the  orange.  It  differs  from  the  effect  observed  when  the  light 
is  passed  through  successive  layers  of  the  vapours  of  iodine  and 
bromine. 

Volatile  organic  matters  can  give,  like  the  other  vapours,  ab- 
sorption-spectra. Thus  dry  alizarine,  heated  with  care,  emits  vapours 
which  produce,  in  the  middle  region  of  the  spectrum,  systems  of 
sensibly  equidistant  lines. —  Comptcs  Rendus  de  I' Acad,  des  Sciences, 
April  29,  1872,  p.  1190. 


DEMAGNETIZATION     OF    ELECTROMAGNETS.       BY    ROBERT    W. 
WILLSON,  JUNIOR  CLASS,  IIARV.  COLL. 

Wiedemann  has  shown  (Pogg.  Ann.  vol.  c.  p.  235,  Ann.  de  Min. 
(3)  vol.  1.  p.  189)  that  the  intensity  of  the  current  necessary  to 
demagnetize  a  steel  magnet  is  much  less  than  that  of  the  current 
by  which  the  bar  was  originally  magnetized. 

It  has  occurred  to  me  to  experiment  with  a  view  to  ascertaining 
how  far  this  principle  can  be  applied  to  electromagnets. 

The  apparatus  used  consisted  of  a  cylindrical  bar  of  soft  iron 
S  centims.  in  length  and  1  centim.  in  diameter,  slightly  rounded  at 
the  end.  The  armature  was  a  piece  of  soft  iron  of  the  same  diameter 
and  2  centims.  in  length. 

Around  this  core  were  placed  two  concentric  helices,  wound  in 
opposite  directions,  through  each  of  which  could  be  passed  the  cur- 
rent of  a  single  Grove's  cell. 

The  method  of  experimenting  was  as  follows.  A  current  was 
first  passed  through  the  inner  helix,  which,  for  convenience,  I  shall 
call  A,  and  the  weight  supported  by  the  bar  was  noted.  This  cur- 
rent being  broken,  the  outer  helix,  B,  was  introduced  into  the  cir- 
cuit, and  the  corresjionding  weight  noted.  The  current  through  B 
being  then  broken,  and  that  through  A  closed,  after  a  short  time  the 
current  was  again  passed  through  B  and  the  weight  noted.  The 
following  Table  shows  the  results  : — 
Wt.  supported  by 


"A. 

E?' 

Adi 

minished  by  B, 

490  grms. 

2.50 

130 

470 

240 

130 

460 

230 

130 

460 

220 

120 

420 

220 

130 

410 

200 

110 

Mean   ..   Ao2  227  125 

Taking  the  mean  result,  we  see  that  while  the  helix  B  can  only 
develope  sufficient  magnetism  in  the  bar  to  render  it  capable  of  sus- 
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tiiiiiing  2-27  grms.,  yet,  if  it  act  in  opposition  to  A,  it  can  diminish  the 
weiijlit  uhicii  the  latter  pujiports  by  327  grms.';  that  is,  its  power  to 
demagnetize  is  greater  than  its  power  to  magnetize. 

If,  then,  we  suppose  the  coercive  force  of  the  steel  bar  used  in 
Wiedemann's  experiments  to  be  represented  by  the  helix  A,  and  the 
demagnetizing  current  of  feeble  intensity  to  be  represented  by  the 
helix  B,  of  less  magnetizing  power,  Ave  have  here  an  interesting 
confirmation  of  Wiedemann's  results ;  while  we  may  also  extend 
the  application  of  the  principle  to  electromagnets,  and  may  assert, 
in  general,  that  a  current  of  given  intensity,  or  a  helix  of  given 
dimensions  traversed  by  a  constant  current,  has  greater  power  to 
demagnetize  than  to  magnetize.  It  is  evident  that  the  case  of  de- 
magnetizing an  electromagnet  by  a  current  is  more  difficult  than 
the  process  of  demagnetizing  a  steel  bar  ;  for  whereas  in  a  steel 
magnet  the  resistance  is  £imj)ly  the  coercive  force  of  the  steel,  so 
that  the  bar  when  partially  deprived  of  its  magnetism  has  no  ten- 
dency to  return  to  its  original  state,  even  if  the  demagnetizing  cur- 
rent be  broken,  in  the  case  (^i  electromagnets  the  helix,  by  which 
the  bar  was  originally  magnt  tized,  is  still  acting  with  its  full  power 
Avhen  the  demagnetizing  helix  is  introduced  into  the  circuit. 

A  natural  inquiry  was  this :  if  the  bar  were  magnetized  by  the 
weaker  helix  B,  and  then  demagnetized  by  the  helix  A,  what  addi- 
tional amount  of  magnetism  could  A  impart  to  the  bar .''  It  is  evi- 
dent that  this  case,  though  somewhat  similar  to  the  former,  is  not 
identical  with  it ;  here  the  helix  B  acts  as  resistance  to  the  magnet- 
ization of  the  bar,  while  in  the  former  case  it  acted  to  deprive  the 
bar  of  a  portion  of  the  magnetism  which  it  already  possessed. 

Accordingly  the  bar  being  magnetized  by  B,  was  submitted  to  the 
action  of  A,  and  the  weight  supported  being  noted,  the  reverse  opera- 
tion was  performed,  and  the  weights  supportedcompared  as  follows  :  — 

A  demagnetized  by  B.  B  demagnetized  by  A. 

8.5         "  G.") 

70  65 

05  60 

65  50 

It  will  be  noticed  that  the  results  in  the  left  hand  are  larger  than 
those  in  the  right-hand  column  ;  that  is,  when  A  is  simply  demag- 
netized by  13,  it  can  support  a  greater  weight  than  when  it  is  em- 
jiloycd  to  magnetize  the  bar  against  the  resistance  of  B. 

In  short,  the  result  of  my  experiments  has  been  to  show  that  a 
given  helix,  traversed  by  a  given  current,  has  more  j)Ower  to  demag- 
netize than  to  magnetize,  while  its  power  to  prevent  magnetization 
is  greater  than  either. — Silliman's  American  Jovrnul  for  May  1872. 


THE  SOURCE  Ol'  THE  SOLAR  UEAT.       1!Y   MAXWELL   HALL,   I?. A. 

Let  US  suj)pose  that  the  mass  of  the  sun  is  slowly  but  continually 

contracting;  then,  in  conse(jucnce  of  the  enormous  mass  subjected 

to  tliis  contraction,  an  enormous   amount  of  heat  will  be  develoj)cd, 

and  it  will  be  found  tliat  the  rate  or  amount  of  contraction  neces- 
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sary  to  produce  the  amount  of  heat  radiated  by  the  sun  into  space 
is  so  remarkably  small,  that  ages  must  elapse  before  the  effect  of  this 
contraction  can  become  visible  to  us  at  our  comparatively  great  dis- 
tance from  the  sun. 

In  order  to  show  that  this  is  the  case,  let  one  foot  and  one  second 
be  taken  as  the  units  of  space  and  time,  and  suppose  that  each  unit 
of  volume  of  the  sun's  mass  contracts  by  the  same  amount  in  the 
same  time,  so  that  if  j„  be  the  linear  contraction  of  the  sun's  radius 
?'(,  in  one  second,  and  if  z  be  the  contraction  of  any  other  length  r, 
measured  from  the  centre  and  for  the  same  duration  of  time,  then 

Z  V 

~=     .     The  effect  of  this  contraction  may  thus  be  compared  to  a 

series  of  intermittent  pulsations,  acting  throughout  the  whole  of  the 
mass  and  tending  to  diminish  the  volume.  Let  y^  be  the  force  of 
gravity  at  the  surface  of  the  sun,  and  let  g  be  the  force  of  gravity  at 
any  point  within  the  sun's  mass  considered  homogeneous,  whose 

Of 

distance  is  r  from  the  centre;  then—  =  — .     Again,  let  n  be  the 

mean  density  of  the  sun's  mass,  so  that  the  weight  of  any  thin  con- 
centric shell,  whose  radius  is  r  and  thickness  or,  will  Oe  A-gpr-cr ; 
and  since  every  unit  of  mass  in  this  shell  falls  through  z  feet  to- 
wards the  centre  in  a  second  of  time,  Airgpzrlr  will  be  the  kinetic 
energy  generated  and  destroyed  every  second  by  this  shell  alone ; 

f'-o  .  ,  , 

and  therefore  1     Airgzy-dr  will  be  the  whole  kinetic  energy  destroyed 

«-  0 
every  second  of  time ;  and   we   proceed  to  find  the  corresponding- 
amount  of  heat  evolved. 
Now 

\     47rgpzrdr=--    .  ^y„_   °-\     rV/-=  -  tt^.o.w'' ; 

•0  "        ^0 

and  this  is  the  kinetic  energy  destroyed  by  the  fall  of  a  weight 
i^Trgjtr^   through  a  height  of  z^  feet,    or  by  the  fall  of  a  weight 

4-eg,pz,r^    through  a  lieight  of  1390  feet ;  but  tlic  fall  of  one  pound 

o  X  1  ojyj 

avoirdupois  through  a  height  of  1390  feet  generates  sufficient  heat 

to  raise  one  pound  of  water  through  1°  Centigrade,  or  it  generates 

47rp',,p:r  ?■  ■'  . 
one  thermal  unit ;  hence  by  expressing  j^  j^^^^-  in  foot-pounds  we 

shall  get  the  number  of  thermal  units  generated  every  second  of 
time.  Now  </gP  is  the  w^eight  of  a  cubic  foot  of  the  sun's  mass  at 
the  surface,  and  since 

g^  =27-20  times  the  force  of  terrestrial  gravity,  and 

j,     =1-43  times  the  density  of  water,  therefore 

gpz=27-20  X  1-43  times  the  weight  of  a  cubic  foot  of  water  at  the 
surface  of  the  earth.  But  a  cubic  foot  of  water  weighs  C2-5  pounds, 
so  tlmt  g^^p  =  243\  pounds. 

Therefore-    ?'",.-,nM      .  "^vhcn  both  t-    and  ^,  are  expressed  in 
5  X  loaO 
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feet,   will  give  us  the  number  of  thermal  units   generated  every 

second  of  time. 

Now  it  has  been  found  by  observation  that  the  heat  emitted  by  the 

sun  to  the  earth  is  suiHcient  to  melt  a  sheet  of  ice  whose  thickness 

is  0"01()93  inch  when  exposed  perpendicularly  to  the  solar  rays  for 

one  minute  (Sir  John   Herschel,  '  Meteorology '),    due    allowance 

having  been  made  for  the  heat  absorbed  by  the  atmosphere  ;  and 

therefore  in  one  second  a  sheet  of  ice  whose  thickness  is  O'OOOOlSti 

foot  will  thus  be  melted ;  so  that  if  a  be  the  mean  distance  of  the 

earth  from  the  sun  expressed  in  feet,  a  spherical  shell  of  ice,  whose 

radius  is  a  and  thickness  0-0000152  foot,  will  be  the  volume  of  ice 

in  cubic  feet  melted  every  second  by  the  whole  of  the  radiant  solar 

heat.       But   one   pound  of  ice  has  a  volume  equal   to   (0'25S4)'' 

,.     ,  ,        ,       47ra=x  0-0000152      .„  ^      ,  .,.....• 

cubic  foot,  therefore   —  wdl  be  the  weight  ot  the  ice 

(0"25o4) 

in  pounds  thus  melted. 

Again,  in  order  to  melt  one  pound  of  ice,  79'25  thermal  units  are 
required ;  and  thus  the  whole  solar  heat  evolved  in  one  second  of 
,       4;rfl-x  79-25  X  0-0000152    ,  ,       . 

time  IS  equal  to TTT^^'-^T^i thermal  units. 

'  (0-2o84)'' 

Now,  by  equating  the  heat  generated  to  the  heat  evolved  in  one 
second,  we  get 

47rj„r„^x2431  _  47r«-X  79-29  X  0j0000152 
5x1390     '       '  (0-2584)^'"  ' 

and  the  contraction  r.,  is  therefore  only  O-0OO0O4O79  foot  in  one 
second,  or  129  feet  per  annum;  and,  as  we  have  already  said,  ages 
must  elapse  before  the  effect  of  this  contraction  can  become  visible 
to  us,  whether  we  compare  direct  measures  of  the  solar  disk  or  ob- 
served periods  of  axial  rotation. 

The  contraction,  therefore,  is  so  small  that  as  much  allowance  can 
be  made  for  the  assumptions  introduced  above  as  may  be  thought 
necessary,  without  altering  our  general  conclusion  in  the  slightest 
degree — namely,  that  tlie  source  of  the  solar  heat  and  light  is  con- 
nected with  the  mechanical  theory  of  heat  by  means  of  the  contrac- 
tion of  the  composing  mass. 

The  application  of  this  theory  to  other  bodies  is  almost  without 
limit ;  the  earth  has  contracted,  and  has  stored  up  a  corresponding 
amount  of  heat  in  the  non-conducting  rocks  and  soils  ;  the  stars,  by 
their  intrinsic  brilliancy,  indicate  the  operation  of  the  force  of  gra- 
vity n])on  contracting  matter;  the  nebula"  nfl'ord  examples  of  the 
commencement  of  this  operation  ;  and  periodical  variations  in  light 
now  liecome  pcrturl)ations,  the  effect  of  disturbing  masses  in  motion, 
j)roducing  endless  changes  subject  to  the  great  principle  known  as 
the  conservation  of  energy. — Monttily  Notices  of  the  Royal  Astrono- 
mical Society,  i\\m\  12,  1872. 


NEW    SENSlTIVli    SINGINO-ILAME.       BY  AV.  E.   OEYER,  OF    THE 
STEVENS  INSTITUTE  OF  TECHNOLOCiY. 

Philij)  IJarry  has  recently  described  *  a  very  sensitive  flame  pro- 
*  '  Nulure,'  vol.  v.  30,  Nuv.  2,  1871.     [Tills  form  of  upparutiia  would  seem 
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duced  by  placing  a  piece  of  ordinary  wire  gauze  on  the  ring  of  a 
retort  stand,  about  four  inches  above  a  Sugg's  steatite  pin-hole 
burner,  and  lighting  the  gas  above  the  gauze.  "  The  flame  is  a 
slender  cone  about  four  inches  high,  the  upper  portion  giving  a 
bright  yellow  light,  the  base  being  a  non-luminous  blue  flame.  At 
the  least  noise  this  flame  roars,  sinking  down  to  the  surface  of  the 
gauze,  becoming  at  the  same  time  almost  invisible.  It  is  very  active 
in  its  responses  ;  and  being  rather  a  noisy  flame,  its  sympathy  is  ap- 
parent to  the  ear  as  well  as  to  the  eye." 

A  simple  addition  to  this  apparatus  has  given  me  a  flame  which, 
by  slight  regulation,  may  be  made  either : — (1)  a  sensitive  flame 
merely,  that  is  a  flame  which  is  depressed  and  rendered  non-lumi- 
nous by  external  noises,  but  which  does  not  sing ;  (2)  a  continuously 
singing-flame,  not  disturbed  by  outward  noises ;  (3)  a  sensitive 
flame,  which  only  sounds  while  disturbed;  or  (4)  a  flame  that  sings 
continuously,  except  when  agitated  by  external  sounds.  The  last 
two  results,  so  far  as  known  to  me,  are  novel. 

To  produce  them  it  is  only  necessary  to  cover  Barry's  flame  with 
a  moderately  large  tube,  resting  it  loosely  on  the  gauze.  A  luminous 
flame  six  to  eight  inches  long  is  thus  obtained,  which  is  very  sensi- 
tive, especially  to  high  and  sharp  sounds.  If  now  the  gauze  and 
tube  be  raised,  the  flame  gradually  shortens  and  appears  less  lumi- 
nous, until  at  last  it  becomes  violently  agitated,  and  sings  with  a 
loud  uniform  tone,  which  may  be  maintained  for  any  length  of  time. 
Under  these  conditions,  external  sounds  have  no  eff^ect  upon  it.  The 
.sensitive  musical  flame  is  produced  by  lowering  the  gauze  until  the 
singing  just  ceases.  It  is  in  this  position  that  the  flame  is  most 
remarkable.  At  the  slightest  sharp  sound  it  instantly  sings,  con- 
tinuing to  do  so  as  long  as  the  disturbing  cause  exists,  but  stopping 
at  once  with  it.  So  quick  are  the  responses,  that  by  rapping  the 
time  of  a  tune,  or  whistling  or  playing  it,  provided  the  tones  are 
high  enough,  the  flame  faithfully  sounds  at  every  note.  By  slightly 
raising  or  lowering  the  jet  the  flame  can  be  made  less  or  more  sen- 
sitive, so  that  a  hiss  in  any  part  of  the  room,  the  rattling  of  keys, 
even  in  the  pocket,  turning  on  the  water  at  the  hydrant,  folding  up 
a  piece  of  paper,  or  even  moving  the  hand  over  the  table,  will  excite 
the  sound.  On  pronouncing  the  word  "  sensitive"  it  sings  twice  ; 
and  in  general  it  will  interrupt  the  speaker  at  almost  every  "  s  "  or 
other  hissing  sound. 

The  several  parts  of  the  apparatus  need  not  be  particularly  re- 
fined. By  the  kindness  of  Pres.  Morton  I  have  used  several  sensi- 
tive jets  of  the  ordinary  kind  made  of  brass  ;  they  all  give  excellent 
results.  Glass  tubes,  however,  drawn  out  until  the  internal  dia- 
meter is  between  one  sixteenth  and  one  thirty-second  of  an  inch,  will 
do  almost  equally  well.  For  producing  merely  the  singing-flame, 
even  the  inner  jet  of  a  good  Bunsen  burner  will  answer.  'I  he  kind 
of  gauze  too  is  not  important :  I  have  generally  used  a  piece  which 

not  to  be  original  with  Mr.  Barry,  since  identically  the  same  thing,  apparently, 
waa  described  months  earher  by  Prof.  Gori,  of  Turin,  and  noticed  in  the  Sejj- 
tember  Jf  umber  of  the  '  Moniteur  Scientifique.' — Ei>s.  of  Am.  Jouni.} 
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has  been  rounded  fur  heating  flasks ;  it  contained  about  28  meshes 
to  the  inch. 

The  tube  chiefly  determines  the  pitch  of  the  note,  shorter  or  longer 
ones  producing,  of  course,  higher  or  lower  tones  respectively.  I  have 
most  frequently  used  either  a  glass  tube  twelve  inches  long  and  one 
and  a  quarter  inch  in  diameter,  or  a  brass  one  of  the  same  dimen- 
sions. Out  of  several  rough  pieces  of  common  gas-pipe  no  one 
failed  to  give  a  more  or  less  agreeable  sound.  Among  these  gas-- 
pipes  was  one  as  short  as  seven  inches,  with  a  diameter  of  one  inch, 
while  another  was  two  feet  long  and  one  and  a  quarter  inch  in  dia- 
meter. A  third  gas-pipe,  fifteen  inches  long  and  three  quarters 
of  an  inch  in  diameter,  gave,  when  set  for  a  continuous  sound,  quite  a 
low  and  mellow-  tone.  If  the  jet  be  moved  slightly  aside,  so  that 
the  flame  just  grazes  the  side  of  the  tube,  a  note  somewhat  lower 
than  the  fundamental  one  of  the  tube  is  produced.  This  sound  is 
stopped  by  external  noises,  but  it  goes  on  again  when  left  undis- 
turbed. All  these  experiments  can  be  made  under  the  ordinary 
pressure  of  street  gas,  three  fourths  of  an  inch  of  water  being 
sufficient. — Silliraan's  Americcm  Journal  iov  May  1872. 


ON   THE  BEST  RESISTANCE  OF  THE  COILS  01'  ANY  DIFFERENTIAL 
GALVANOMETER.       BY  LOUIS  SCHWENDLER,  ESQ.* 

Mr.  Schwendler  gave  a  short  outline  of  his  investigations,  stating 
that  it  would  be  impossible  for  him  to  read  the  paper  in  full,  on  ac- 
count of  its  intricate  and  purely  mathematical  character  ;  he  would 
give,  however,  the  general  results  obtained  and  show  their  advan- 
tages when  applied,  illustrating  his  explanations  on  the  black  l)oard 
and. by  a  dift^erential  galvanometer  placed  on  the  table.  The  paper 
itself  would  be  published  in  Part  II.  of  the  Journal. 

In  that  most  common  form  of  the  differential  galvanometer,  when 
the  two  coils  are  fixed  and  of  equal  resistances  and  equal  magnetic 
moments,  Mr.  Schwendler  foinid  tliat  the  following  interesting  and 
most  simple  relation  should  exist  between  the  resistance  of  the  gal- 
vanometer-coil and  the  resistance  to  be  measured,  in  order  to  have 
the  greatest  possible  sensibility — namely,  that 

Tlie  resistance  of  the  (jahunomctcr-coH  should  be  one  third  of  the 
resistance  under  measurement,  supposing  that  the  resistance  of  the 
tc.niiig-ljuttcry  common  to  both  the  coils  can  be  neglected  against 
the  resistance  to  be  measured. 

Mr.  Schwendler  remarked  that  the  differential  galvanometers  at 
present  employed  in  the  Government 'i'elcgraph  Department  of  India 
have  a  far  too  low  resistance,  and  that  this,  to  a  certain  extent,  ex- 
j)lained  the  great  want  of  sensitiveness  of  these  instruments  when 
used  for  measuring  resistances  higher  than  GOO  units. 

If  the  coils  had  a  resistance  of  about  2500  units  each,  instead  of 
200  onlv,  the  sensitiveness  of  these  instruments  would  at  once  be 
nearly  trebled — a  fact  which  shows  the  great  advantage  to  be  derived 
from  the  application  of  Mr.  Schwendler's  results  in  the  construction 
of  differential  galvanometers. 

•  Abstract  from  the  Procecdinj^sof  the  iVsiatic  Society  of  Bengal,  March 
1872.     Coinmuihcated  by  the  Author, 


THE 

LONDON,  EDINBURGH,  and  DUBLIN 

PHILOSOPHICAL  MAGAZINE 

AND 

JOURNAL  OF  SCIENCE. 

SUPPLEMENT  to  VOL.  XLIII.  FOURTH  SERIES. 


LXI.    On  the  Origin  of  the  Earth's  Magnetism,  and  the  Mag- 
netic Relations  of  the  Heaverily  Bodies,     By  F.  Zollner. 

[With  a  Plate.l 

[Concluded  from  p.  469.] 

20. 

TF  variations  in  the  solar  radiation  connected  with  the  time  of 
rotation  could  be  shown  to  exist,  this  would,  of  course,  have 
to  be  regarded  as  a  support  of  my  theory.  -As,  however,  heat 
does  not  exert  a  polar  influence  at  a  distance,  and  as,  accord- 
ing to  my  theory,  the  poles  of  the  currents  on  the  sun's  surface 
are  the  coldest  parts,  we  ought  to  expect  a  double  minimum  of 
radiation  caused  by  the  nutation  of  the  poles ;  and  the  magnitude 
of  these  minima  would  be  influenced  by  the  season.  As  heat  does 
not  possess  any  polar  properties,  it  would  be  possible  that  the 
temperatures  of  the  two  hemispheres,  and  hence  also  their  cold- 
poles,  have  different  values. 

I  take  the  liberty  to  compare  with  these  speculations  the 
results  of  a  comprehensive  research  by  D'Arrest,  now  Director 
of  the  Observatory  at  Copenhagen,  "On  the  Unequal  Distri- 
bution of  Heat  on  the  Sun"*.  The  name  of  the  author  is  a 
sufficient  guarantee  of  the  correctness  of  his  conclusions. 

(Pp.  79-81.)  "It  has  been  proved  lately,  as  is  known,  by 
thermoelectric  experiments  of  Secchi  in  Rome,  that  the  sun's 
heating- power  is  diff'erent  for  different  heliographic  latitudes. 
The  decrease  of  heat  from  the  sun's  equator  to  the  poles,  which 
is  undoubtedly  indicated  by  the  repeated  observations  communi- 
cated in  the  Comptes  Rendus,  recalls  to  our  minds  the  inequa- 
lities in  the  heating-power,  proved  by  Professor  Nervander  in 
Helsingfors  in  1845,  which  show  themselves  in  different  helio- 
graphic longitudes.     These  inequalities  make  themselves  percep- 

*  Proceedings  of  the  Royal  Saxon  Society  of  Sciences,  July  2,  1853. 
Phil.  Mag,  S.  4.  No.  289.  SuppL  Vol.  43.  2  I 
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tible  by  the  sun's  rotation  in  the  thermomctric  observations  if 
they  are  combined  for  a  sufficiently  long  period,  so  that  the 
yearly  and  daily  periods  may  be  considered  to  be  eliminated  from 
the  means.  In  the  third  volume  of  the  Bulletins  of  the  Ph.- 
niath.  Class  of  the  Academy  of  Petersburg,  Nervander  has  shown 
that  the  coefficient  depending  upon  the  rotation  of  the  sun,  as 
determined  by  the  observations  in  ]^aris  from  1816-1839, 
amounts  to  0°"302  C.  The  difference  in  temperature,  therefore, 
observed  when  the  coldest  and  hottest  meridians  are  opposed  to 
the  earth  amounts  to  0°'604  C.  In  the  same  paper  this  quan- 
tity is  determined  by  the  observations  made  in  Innsbruck 
from  1777  to  1828;  the  number  arrived  at  agrees  perfectly 
M'ith  the  results  of  Paris,  and  is  0°*C0  C.  The  objection  has 
been  made  that  observations  of  two  places  only  cannot  prove  the 
existence  of  inequalities  directly  depending  on  the  rotation  of  the 
sun  ;  but  the  probability  of  it  would  be  considerably  increased 
if,  under  very  different  climatic  conditions,  a  periodicity  of 
nearly  the  same  magnitude  should  be  deduced. 

"In  this  respect,  since  1845,  only  the  Milanese  observations 
at  noon  have  been  reduced  by  Carlini.  With  other  observations, 
published  in  the  mean  time  in  Poggendorff's  Annalen,  such  com- 
parisons cannot  be  made  as  are  required  to  decide  first  the  real 
existence  of  the  cause,  before  any  consequence  can  be  deduced 
from  it.  Carlini  found  the  inequality  arising  from  the  rota- 
tion of  the  sun,  according  to  the  Milanese  observations,  to  be 
0°"712  C.  The  close  agreement  of  this  number  with  that  found 
in  Paris  and  Innsbruck  is  the  more  surprising,  as  the  influence 
arising  from  inequalities  in  the  sun's  heating-power  must  make 
themselves  a  little  less  perceptible  in  higher  geographical  lati- 
tudes. The  discussion  of  the  Milanese  observations  compi'ises 
the  years  1835  to  1844. 

"In  a  similar  manner  I  shall  in  this  paper  determine  the  co- 
efficient arising  from  a  possible  influence  of  the  sun's  rotation 
from  the  observations  made  at  the  Observatory  in  Konigsberg 
at  noon  from  1827-1837.  Beginning  with  the  meridian  M 
(turned  towards  the  earth  on  the  1st  of  January  1827  at  noon, 
Konigsberg  time),  I  have  put  together  in  the  following  Tables 
in  the  first  group  the  days  and  temperatures  which  belong  to  the 
same  meridian  M.  The  second  group  gives  the  days  and  tem- 
peratures belonging  to  the  hdiographic  longitude  M  +  120°,  the 
thn-d  those  of  Kmg.  M+240°.  The  time  of  rotation  of  the  sun 
is  assumed  to  be  27'26  days"*. 

*  This  i)crio(l  corresponding  very  nearly  to  the  more  reliftble  recent  ob- 
servations, WHS  adopted  by  myself  as  well  as  by  Nervander  and  Carlini,  in 
order  to  make  tlie  results  of  tlie  Konijjsberg  observations  more  eoniparable 
\\itli  the  rcbulth  fur  I'aris,  lunsbriiek,  andiMilan. 
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After  having  fully  discussed  the  materials  of  observation, 
D'Arrest  concludes  his  research  with  a  con)parison  of  the  re- 
sults obtained,  in  the  following  manner : — 

(Pp.  99,  100.)  "The  sums  for  the  different  years  are,  in  de- 
grees Reaumur  for  Berlin  at  noon,  as  follows  : 


Ist 

Obs. 

2nd 

Obs. 

3rd 

Obs. 

4  th 

Obs. 

group. 

group. 

group. 

group. 

1836-37. 

1181 

14 

127-7 

14 

820 

13 

87-2 

13 

1837-38 

82  0 

13 

934 

13 

86-6 

14 

112-9 

14 

1838-39. 

1251 

14 

974 

13 

95  6 

13 

93  5 

13 

18;S9-40. 

98-9 

13 

126  3 

14 

108-3 

14 

112  5 

13 

1840-41. 

97-4 

13 

103-7 

13 

98-8 

13 

1I6-4 

14 

1841-42. 

1251 

14 

1382 

14 

111-4 

13 

110  1 

13 

1842-43. 

lOM 

13 

113  6 

13 

132  5 

14 

!     1161 

14 

1843-44. 

1170 

14 

131-5 

13 

107-0 

13 

100  9 

13 

1844-45. 

941 

13 

1001 

14 

98-9 

14 

89-2 

13 

1845-46. 

1261 

14 

115  3 

13 

132-7 

13 

131-8 

14 

Suras  ... 

10851 

135 

1147-2 

134 

1053-8 

134 

10706 

134 

"We  have  therefore  for  the  meridian  M,  which  was  turned 
towards  the  earth  at  the  Berlin  noon,  July  1,  1836, 

10-0475 


Mean  temperature  in  degrees  Centigrade 
For  the  meridian  M  +  90°  „ 

M  +  180° 

M  +  270° 


10-6989 
9-8300 
9-9863 


A  mere  glance  at  these  numbers  shows  that  these  observations 
do  not  lead  to  the  coefficient  determined  above,  but  indicate  a 
much  greater  variation  in  temperature  arising  from  the  sun's  ro- 
tation. It  is  impossible  to  express  by  three  constants  the  four 
values  deduced  from  the  Berlin  observations,  as  this  has  been 
done  for  Konigsberg;  and  we  must  therefore  draw  an  interpola- 
ting line  of  about  the  following  form  : 

Mean  temperature  =  10-1406 -h  0-3724  sin  (16°  59'  +  7n) 

-0-3615  sin  (33°  57'  + 2m). 

The  degrees  are  Centigrade,  and  m  runs  through  its  values  in 
27-26  days.  The  curve  has  two  maxima  and  two  minima,  found 
by  the  equation 

cos(16°59'  +  m)^ 
cos 2(1 6°  59' +  m)     ^'''^'^' 
The  solution  gives 

cos  (16°  59' +  m)-= +0-12753  +  0-71850, 

and  hence  for  the 

2  12 
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First  minimum     .  .  10-0130  C.  for  7W=    15   14 

Absolute  riiaxiinum  .  10'7857          „          109  15 

Absolute  minimum  .  9-4955         „         246  47 

Second  maximum  .  10-2682         „         310  48 

"It  is  remarkable  that  already  Nervander  {Bulletins,  vol.  iii. 
p.  14)  suspected  the  existence  of  at  least  two  minima  and  two 
maxima.  If  we  must  content  ourselves  to  have  proved  the  exist- 
ence of  a  variation,  and,  as  it  seems,  a  variation  without  equal 
decrease  and  increase,  while  the  coefficient  of  the  inequality 
cannot  be  determined  accurately  from  the  observations  at  our 
disposal — still,  if  the  sun  belongs  to  the  variable  stars,  the  ex- 
istence of  two  greatest  and  two  smallest  values  corresponds  to 
the  phenomena  of  light  observed  on  /3  Lyrse"*. 

It  is  evident  that  the  hope  to  determine  accurately  the  position 
of  the  poles  of  cold  of  the  sun  (which,  according  to  my  theory, 
must  coincide  with  the  magnetic  poles)  can  much  more  easily  be 
realized  by  actinometric  than  by  thermometric  observations  of  the 
temperature  of  the  air.  These  observations  can  be  made  simply 
by  comparing  two  thermometers  put  very  near  together,  one  of 
which  has  its  bulb  exposed  to  the  sun  for  a  certain  number  of 
seconds,  whilst  the  bulb  of  the  other  is  in  the  shade.  The  dif- 
ference in  the  expansion  of  the  mercury  in  the  two  bulbs  fur- 
nishes us  the  means  for  a  relative  determination  of  the  sun's 
radiation  of  heat.  The  height  of  the  sun  will,  of  course,  have 
to  be  noticed  and  eliminated  in  a  similar  manner  as  in  photome- 
tric observations.  In  this  way  we  shall  be  able  to  prove  in  a 
comparatively  short  period  the  variations  in  the  heating  energy 
of  the  sun  caused  by  the  periodicity  of  the  sun-spots, 

21. 

Partly  from  the  recent  observations  of  Secchi,  and  partly  from 
not  yet  published  communications  of  Professor  Sporcr  in  Anclam 
and  Dr.  Vogel  in  Bothkamp,  it  follows  that  all  phenomena  de- 
duced theoretically  by  me  find  an  unexpectedly  speedy  empirical 
confirmation.  This  regards  as  well  the  fact  that  the  poles  of  the 
currents  on  the  sun's  surface  do  not  coincide  with  the  poles  of 

*  If  Airy,  in  the  'Astronomical  Notices,'  No.  .934,  does  not  come  to  any 
decisive  result  as  regards  the  variations  of  temperature  cause*!  by  the  sun's 
rotation,  m;ikin^  use  of  the  observations  made  at  Greenwich  durinp:  a  pe- 
riod of  only  six  years  (184S-lS5.ij,  this  is  partly  explained  by  tlie  different 
manner  of  reduction,  and  partly  by  climatic  conditions.  It  is  clear  that  the 
effect  wil!  be  the  less  ])erce|)tible  in  the  temperature  of  the  air  the  more  the 
air  is  filled  with  aqueous  vapour  and  tlie  skv  covered  with  clouds  and  fog. 
The  choice  of  U'Arrest,  tlierefore  (only  to  make  use  of  the  observations  at 
noon,  when  the  sun's  radiation  has  the  greatest  effect),  seems  to  me  by  far 
more  rational  than  the  mean  daily  temperature  used  by  Airy. 
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rotation,  as  the  real  existence  of  currents  in  the  sun's  atmosphere, 
such  as  I  have  made  use  of  to  explain  the  velocity  of  rotation  for 
different  heliographic  latitudes,  in  my  paper  "On  the  Law  of 
Rotation  of  the  Sun  and  the  large  Planets"  (Feb.  11,  1871), 
and  as  I  had  already  deduced  them  from  general  physical  laws 
in  my  paper  "On  the  Periodicity  and  Heliographic  Distribution 
of  Sun-spots"  {Dec.  12,  1870).  1  will  only  mention  here  the 
results  communicated  by  Father  Secchi  to  the  Paris  Academy 
on  July  24  and  September  4,  1871. 

Father  Secchi  says  in  his  first  comuiunication*  : — "  L'etude 
des  protuberances  nous  a  devoile  des  courants  tres-violents,  qui 
donnnent  au-dessus  de  la  chromosphere.  J'ai  fait  une  attention 
particuliere  a  la  direction  de  la  courbure  des  jets  les  plus  elevees, 
et  j'ai  trouve  que,  en  general,  de  I'equateur  aux  latitudes 
moyennes,  la  direction  dominante  est  tournee  vers  les  poles." 

In  a  second  paperf  Secchi  mentions  a  great  number  of  protu- 
berances. He  gives  to  those  agreeing  with  the  law  of  rotation 
the  sign  +,  to  those  in  opposition  to  it  the  sign  — .  He  says 
at  the  end  of  his  paper,  referring  also  to  the  nor -coincidence  of 
the  poles  of  rotation  and  those  of  the  currents,  as  follows  : — 

"  Je  rappellerai  que  la  loi  supposee  k  verifier  etait  celle  d'un 
entrainement  general  des  protuberances  elevees  de  I'equateur  vers 
les  poles,  de  sorte  que,  dans  les  latitudes  moyennes,  nous  devious 
rencontrer  les  inclinaisons  dirigees  vers  les  poles :  a  I'equateur, 
on  devait  avoir  une  direction  variable,  et  aux  poles  une  incli- 
naison  uulle. 

"  Le  resultat  obtenu  a  ete  le  suivant:  pendant  quarante- 
deux  jours  d'observations,  on  a  obtenu, 

-f  protuberances  conformes  a  la  loi     .     .     .  403"!  Rapport 

—  „  discordantes 138J  2-92  :  I'OO. 

+  „  situeessurtoutpresdes  poles  102 

"Ces  chiffres  sont  evidemment  tres-favorables  k  la  loi  hypo- 
thetique  dont  nous  sommes  partis ;  mais  sa  probabilite  paraitra 
encore  plus  remarquable  apres  quelques  reflexions. 

"  1°.  Un  grand  nombre  des  discordances  vient  de  ce  que, 
comme  on  l'aper<;oit  clairement  sur  les  figures,  le  grand  tour- 
billon  general  (pour  I'appeler  ainsi)  qui  enveloppe  le  soleil  n'est 
pas  concentrique  k  I'axe  geometrique  de  rotation,  de  sorte  que  le 
pole  de  rotation  reste  tantot  adroite,  tantot  h.  gauche  du  pole  de 
circulation.  On  reconuait  tres-bien  le  pole  de  circulation,  cark 
ses  extremites  les  filets  des  protuberances  sont  ou  presque  ver- 
ticaux  ou  absolument  verticaux,  tandis  qu'a  droite  et  a  gauche 

*  Comptes  Rendus,  vol.  Ixxiii.  p.  242  et  seqq. 
t  Ibid.  p.  595  et  seqq. 
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ils  sont  fortenient  inclines.  Nous  n^avons  pas  tenu  conipte  de 
cette  particularity,  et  les  exceptions  paraisscnt  plus  nombieuses. 
"  2°.  Une  autre  inegularite  provient  de  ce  que  I'activite  solaire 
n'est  pas  actuellement  la  nieine  dans  les  de\ix  hemispheres,  et  il 
arrive  que  ^hemisphere  le  plus  actif  entraine  la  circulation  au 
dela  de  la  limite  equatoriale  (conime  il  arrive  chez  nous  pour  les 
vents  alizes),  et  il  en  resulte  que  I'equateur  ne  divise  pas  en  deux 
regions  eji;ales  les  zones  de  circulation. 

"3°.  Enfin  il  faut  tenir  conipte  de  I'influence  des  taches, 
qui  troublent  considerablement  cette  circulation.^' 

These  facts,  derived  by  Secchi  from  numerous  and  careful  ob- 
servations, are  of  no  importance  to  M.  Faye ;  for,  in  a  commu- 
nication to  the  Paris  Academy  which  I  received  whilst  this  paper 
was  being  printed,  M.  Faye  says  as  follows  : — 

"  C'est  ainsi  qu'on  a  cru  recemment  trouver  une  indication 
favorable  a  I'existence  de  ces  courants  dans  les  directions  si 
variees  des  jets  d'hydrogene  incandescent  emis  par  la  chromo- 
sphere  

"D'ailleurs  la  seule  inspection  des  dessins  deja  publics  en 
grand  nombre  %\\^{,  aux  esprits  nan  prevenus,  pour  faire  evanouir 
toute  idee  de  courants  generaux  dans  la  chromosphere'^*. 

In  order  to  prove  that  the  suspicion  expressed  against  Father 
Secchi,  that  he  was  prejudiced  in  his  observations,  and  belonged, 
as  regards  the  currents  in  the  solar  atmosphere,  to  the  "  esprits 
prevenus,"  is  without  foundation,  I  take  the  liberty  to  state  that 
I  received  in  the  month  of  April  a  letter  from  Father  Secchi, 
dated  Rome,  April  28,  1871,  in  which  he  requests  me  to  send 
him  the  above-mentioned  paper,  "On  the  Law  of  Rotation  of 
the  Sun  and  the  large  Planets,"  in  which  I  had  again  given  in 
detail  the  theoretical  deduction  of  that  law  of  circulation  of  the 
solar  atmosphere  the  physical  causes  of  which  were  first  deve- 
loped in  my  paper  of  December  12,  1870  t- 

The  words  in  question  of  Secchi's  letter  to  me  are  as  follows  : — 

"M.  Schellen  de  Cologne  me  donne  la  nouvelle  que  vous  avez 

fait  un  travail  tr^s-interessant  sur  la  rotation  du  soleil.     Comme 

*  Complps  Kendus,  vol.  Ixxiii.' p.  1128.  M.  Faye,  in  a  discussion  of 
my  paper  "On  the  Law  of  Rotation  of  the  Sun  and  the  large  Planets," 
declares,  "  Suivant  M.  ZiJllner,  le  soleil  bien  loin  d'etre  a  I'^tat  pazcux, 
est  entierenient  solide,  sauf  une  mince  couche  liquide,  sciublable  a  de  la 
lave  en  fusion,  qui  lerecouvre  entierenient."  I  take  the  liberty  to  say  that 
this  view  of  tlie  concbtion  of  the  sun  has  7ierer  been  expressed  by  me,  and 
that  the  above  tlechiration  of  M.  Faye  can  only  have  resulted  from  a  super- 
ficiul  reading  of  my  paper.  Evidently  all  arguments  which  M.  Faye 
brings  forth  against  my  tlieory  based  on  the  above  false  view  attributed  to 
me  fall  to  the  ground. 

t  Proceedings  of  the  Iloval  Saxon  Society  of  Sciences,  December  12, 
1870. 
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tout  ce  qui  vient  de  vous  est  tres-interessant  pour  moi,  .  .  .  .  je 
vous  prie  de  me  faire  savoir  ou,  et  comment  je  pourrai  me  procurer 
cet  interessant  travail/' 

I  sent  at  once  the  desired  paper  to  Rome.  If,  therefore, 
Father  Secchi  had  undertaken  his  highly  meritorious  observa- 
tions with  the  intention  and  desire  tocontirm  tiielaw  of  circula- 
tion derived  theoretically  by  me,  he  would  doubtless  have  men- 
tioned my  papers,  which  were  known  to  him,  and  the  necessary 
existence  of  those  currents,  which  I  had  therein  proved. 

It  is  evident  that  through  this  circumstance  the  value  and  im- 
portance to  my  theory  of  the  results  found  by  Secchi  is  essen- 
tially increased,  and  that  all  "  esprits  no/i  prevenus"  must  regard 
the  probability  of  that  theory,  and  of  the  causes  from  which  it 
flows,  as  confirmed  by  stringent  facts  of  observation. 

If,  on  the  large  planets  Jupiter  and  Saturn  (as  I  have  rendered 
probable  for  various  reasons*),  the  same  causes  for  the  circu- 
lation of  their  atmospheres  and  liquid  constituents  are  in  exist- 
ence in  consequence  of  the  state  of  high  temperature  on  their 
surface,  the  poles  of  these  currents  will  also  he-e  not  coincide 
with  the  poles  of  rotation.  It  is  clear  that  then  a  strip  parallel 
to  the  equator  of  currents,  in  the  vicinity  of  its  point  of  inter- 
section with  the  equator  of  rotation,  will,  at  the  end  of  half  a 
revolution,  have  undergone  a  change  of  direction  amounting  to 
double  the  angle  of  inclination  of  the  two  axes.  Hence  exact 
measurements  of  the  angles  of  position  of  the  strips  on  the  large 
planets  would  show  a  period  depending  upon  the  duration  of  a 
rotation,  and  would  therefore  be  appropriate  for  measuring  the 
latter.  Such  researches  will  shortly  be  commenced  in  the  obser- 
vatory of  Chamberlain  von  Biilow  at  Bothkamp. 

It  is  clear  that  then  the  occurrences  in  the  streams  on  the  sur- 
face of  the  large  planets  must  be  connected  by  the  same  tie  with 
the  occurrences  on  the  solar  surface  as  the  inner  glowing  streams 
of  our  planet  are  with  the  period  of  solar  spots.  It  is  to  be  ex- 
pected, therefore,  that  we  shall  tind  also  in  the  violent  movements 
and  manifold  changing  forms  of  the  surface  of  Jupiter  a  period 
connected  with  the  frequency  of  sun-spots. 

22. 

If  we  look  at  the  variety  of  relations  which  have  been  deduced 
from  the  theory  here  developed  of  the  physical  causes  of  the 
earth's  magnetism  and  have  been  confirmed  by  observation,  we 
shall  hardly  be  surprised  that  the  influence  of  the  sun-spot 
period  on  the  mner  temperature  o*^'  the  earth  (which  I  have 
explained  theoretically  in  §  15)  has  been  recently  ascertained 
by  observation. 

*  Proceedings  of  the  Royal  Saxon  Society  of  Sciences,  Feb.  11,  1871. 
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From  the  observations  of  temperature  made  at  the  Cape  of 
Good  Hope  from  IBll  to  1870  with  very  good  instruments. 
Stone*  calculated  the  mean  yearly  values  and  represented  them 
graphically  by  a  curve.  He  compared  with  this  a  second  curve 
indicating  the  frequency  of  sun-spots  as  given  by  the  observations 
of  Wolf,  and  found  that,  if  he  reversed  the  latter  curve,  it  coin- 
cided so  exactly  with  that  of  the  mean  yearly  temperature,  that 
he  expresses  the  opinion  that  "  the  same  cause  which  leads  to 
au  excess  of  mean  annual  temperature  leads  equally  to  a  dissipa- 
tion of  solar  spots.'' 

In  a  letter  to  Sabine  he  says  expressly  :  "  I  may  mention  that 
I  had  not  the  slightest  expectation,  on  first  laying  down  the 
curves,  of  any  sensible  agreement  resulting,  but  that  I  now  con- 
sider the  agreement  too  close  to  be  a  matter  of  chance.  I  should, 
however,  rather  lean  to  the  opinion  that  the  connexion  between 
the  variation  of  mean  temperature  and  the  appearance  of  solar 
spots  is  indirect  rather  than  direct,  that  each  results  from  some 
general  change  of  solar  energy." 

Piazzi  Smyth  had  already  made  a  communication  to  the  Royal 
Society  in  April  7,  1870,  in  which  he  got  the  same  result  by 
other  observations.  He  discussed  and  reduced  the  observations 
made  in  the  years  1837  to  1869  with  the  four  large  earth-ther- 
mometers which  had  been  sunk  into  the  rocks  of  Calton  Hill  in 
Edinburgh  by  Principal  Forbes,  in  consequence  of  a  decision  of 
the  British  Association.  Amongst  other  periodical  variations  in 
the  temperature  of  the  earth,  Piazzi  Smyth  found  a  period  of  ll'l 
years,  or  the  sun-spot  period.  Some  circumstances  discussed  by 
Smyth  in  detail  lead  him  also  to  the  result  that  the  sun-spots 
cannot  be  the  true  cau&e  of  the  variation  of  temperature  in  the 
earth. 

I  think  it  very  probable,  after  these  results,  that  if  thermome- 
ters could  be  sunk  still  deeper  into  the  earth  the  influences 
would  be  much  more  decided,  as  the  retarding  influence  of  the 
incomj)lete  conduction  of  the  earth's  crust  would  be  less.  It 
depends  upon  the  degree  in  which  these  retarding  influences 
may  be  annihilated  whether  the  yearly  period  of  magnetic  dis- 
turbances and  auroras  will  be  found  in  these  observations. 

23. 

Although  in  §  9  I  have  deduced  theoretically  the  necessary 
connexion  between  mechanical  and  magnctical  changes  on  the 
surface  of  the  earth,  we  must  yet  inquire  whether  the  frequency 
of  mechanical  reactions  of  the  glowing  liquid  nucleus  of  the  earth 
shows  also  periodical  changes  which  coincide  with  the  changes 
of  those  causes  which  can  produce  the  mechanical  changes. 
•  Proccediugs  of  the  Royal  Society,  No.  12/  (18/1). 
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So  far  as  these  changes  are  generated  by  exterior  causes, 
we  have  only  to  consider  the  sun  and  moon.  It  has  been  shown 
that  these  bodies  may  exert  a  double  influence  on  the  mechanical 
reaction  of  the  liquid  nucleus  against  the  solid  crust  of  the  earth, 
viz. : — 

1.  A  direct  one,  by  generating  a  pressure-  or  tidal  wave. 

2.  An  indirect  one,  by  magnetical  induction. 

The   direct  influence  wdl  appear  most  strongly  with  the  moon, 
the  indirect  one  with  the  sun. 

The  great  incompleteness  in  which  our  instruments  for  exact 
measurement  for  sudden  changes  in  the  level  of  the  ground  are 
at  present,  reduces  the  mechanical  reactions  able  to  be  observed 
to  oscillations  of  the  ground  strong  enough  to  make  themselves 
perceptible  to  our  senses  in  the  form  of  earthquakes. 

It  is  therefore  to  be  asked  whether  we  can  tind  any  connexion 
between  the  frequency  of  these  phenomena  and  the  path  of  the 
moon  which  would  correspond  to  the  influence  discussed  theo- 
retically above.  The  influence  of  the  moon  on  the  moveable  parts 
of  the  earth  must  be  greatest  when  its  distance  from  the  earth 
is  smallest  or  in  the  perigee,  and  then  in  the  two  positions  in 
which  the  moon  adds  its  attractive  action  to  that  of  the  sun  or 
in  the  two  syzygies.  The  minimum  must  fall  on  the  two  qua- 
dratures. 

The  most  complete  and  detailed  collection  of  communications 
regarding  volcanoes  and  earthquakes  is  to  be  found  in  A.  Perrey's 
Bibliographie  Se'ismique*.  In  a  separate  momoirf  the  author 
developes  the  relations  of  earthquakes  and  volcanic  eruptions 
which  are  indicated  by  his  collections,  and  advances  numerous 
theorems  regarding  the  nature  of  these  phenomena.  I  take 
the  liberty  to  add  here  the  parts  which  are  most  important  for 
our  present  purpose,  in  the  words  of  the  reporter  of  the  Berlin 
Physical  Society  (1863),  pp.  718  &c.  :— 

"The  phenomenon  of  earthquakes  is  a  complex  one,  for  which 
we  can  with  difficulty  assume  only  one  cause.  Certain  shocks, 
or  series  of  shocks  on  a  given  place,  lead  to  particular  causes,  of 
which  a  certain  number  may  be  independent  of  the  general 
cause,  and  may  have  a  modifying  influence  upon  this. 

''  Tie  observe  a  certain  periodical  return  for  which  lue  recognize 
an  influence  of  the  moon ;  for  in  the  month  two  maxima  and  two 
mimma  appear.  The  moon  attracts  the  glowing  liquid  nucleus 
of  the  earth,  and  generates  a  pressure  against  its  solid  crust,  which 

*  Memoires  de  VAcademie  de  Dijon,  vol.  iv.  pp.  1-112,  vol.  v.  pp.  183- 
253,  vol.  ix.  pp.  87-192,  and  vol.  x.  pp.  1-63.  The  first  register  appeared 
in  1855,  the  latter  in  1863. 

t  "  Propositions  sur  les  tremblements  de  terre  et  les  volcans,  adressees 
a  M.  Lame,  Paris,  1863,"  Silliman's  Journal  (2)  vol.  xxxvii.  pp.  1-10. 
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may  be  different  according:  to  its  strength  and  direction,  and  ac- 
cording to  the  condition  of  the  inner  surface  of  the  solid  crust. 
All  phenomena  appear  here  which  may  be  produced  by  the  pro- 
pagation of  waves  with  unequal  velocities  &c. 

"The  author  concludes  with  remarks  and  calculations  on  the 
frequency  of  earthquakes  during  the  latter  half  of  the  eighteenth 
century,  in  relation  to  the  position  of  the  moon,  and  on  the  fre- 
quency of  the  phenomenon  with  regard  to  the  passage  of  the 
moon  through  the  meridian.  The  greater  frequency  at  the  time 
of  the  syzygies  in  contradistinction  to  the  quadratures,  and  in  the 
perigee  in  contradistinction  to  the  apogee,  is  confirmed." 

The  indirect  influence  of  the  sun  would  be  shown  by  the  in- 
fluence of  the  sun-spots  on  the  frequency  of  the  earthquakes.  I 
do  not  know  of  any  fact  to  that  effect. 

I  take  the  liberty  to  communicate  a  passage  from  a  memoir 
by  Mallet*  (in  the  words  of  the  reporter  of  the  Berliner  Bei-ichten, 
1863,  p.  926),  respecting  the  undulatory  character  of  the  earth- 
quake observed  in  England  during  the  night  of  October  5—6, 
1863. 

"  With  respect  to  the  explanation  of  the  conception,  Mallet 
expresses  himself  decidedly  against  the  opinion  that  the  earth- 
quake is  a  means  to  produce  lasting  geological  upheavings.  He 
thinks  it  is  rather  the  passage  of  a  wave,  or  of  several  waves  of 
elastic  compression,  in  any  direction,  from  the  vertical  to  the  ho- 
rizontal, in  every  azimuth,  through  the  mass  and  surface  of  the 
earth,  commencing  from  one  or  more  centres  of  percussion. 
Tones  and  surging  motions  can  be  traced,  which  depend  on  the 
given  percussion  and  on  the  distribution  of  land  and  water. 

"Mallet  then  gives  a  short  abstract  of  the  history  of  earth- 
quakes. The  right  view  of  them  has  only  been  obtained  since 
the  brothers  Weber,  and  Scott  Russell,  developed  the  laws  of  cer- 
tain undulatory  motions,  and,  chiefly,  the  latter  the  laws  of  the 
motion  of  translation.  He  then  considers  the  phenomena  of 
earthquakes  up  to  a  certain  point." 

It  is  to  be  seen  from  these  data  that  the  movements  of  the 
ground  may  be  perhaps  continuous,  but  then  only  so  weak  that 
they  cannot  be  observed  without  more  delicate  aids.  At  any 
rate  we  may  assert  that  the  frequency  of  positively  ascertained 
movements  of  the  ground  would  be  considerably  increased  if  we 
possessed  delicate  seismometrical  instruments. 

24. 

Two  years  ago  I  had  shown  and  explained  to  the  Royal  Society 

♦  "  The  late  Eiirthqimke  and  Earthquakes  in  general,"  Quarterly  Journal 
of  Science,  vol.  i.  pp.  53-Gy  (18()3). 
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an  instrument*,  the  principles  of  which,  as  I  learned  afterwards, 
had  already  been  proposed  seven  years  previously  by  Perrot  to 
the  French  Academy  for  the  same  purpose f. 

I  have  not  heard  any  thing  about  the  actual  employment  and 
exact  carrying-out  of  the  principle  until  now,  I  therefore  take 
the  liberty  to  describe  the  instrument,  which  has  proved  good 
in  numerous  experiments,  and  hitherto  the  most  convenient  for 
the  measurements  made  by  it.  In  order  to  explain  the  purpose 
of  the  apparatus  and  its  relations  to  the  present  question,  I  take 
the  liberty  to  reproduce  a  passage  from  my  paper  cited  below"^. 

"  The  methods  hitherto  employed  for  measurements  of  attrac- 
tive and  repulsive  forces  maybe  divided  into  two  classes: — the  first 
one,  in  which  the  forces  act  on  masses  allowed  to  turn  round  a 
horizontal  axis,  as  in  the  case  of  the  pendulum,  diflferent  electro- 
meters, and  similar  apparatus ;  and  a  second  one,  in  which  the 
masses  may  turn  round  a  vertical  axis,  as,  for  instance,  in  the 
different  torsion-balances.  The  apparatus  of  the  first  class  have 
one-armed  levers ;  those  of  the  second  class  have  two  arms,  and 
are  therefore  only  applicable  for  forces  which  a/e  not  parallel. 
The  instruments  of  the  first  class  are  not  liable  to  this  restriction, 
but  can  only  be  employed  if  the  forces  to  be  measured  do  not 
differ  much  from  the  force  of  gravity,  as  this  is  the  force  set 
against  them.  The  instruments  of  the  second  knid  may  be  em- 
ployed for  very  weak  and  not  parallel  forces,  as  the  momentum 
of  direction  may  be  diminished  indefinitely. 

"  If  we  could  devise  a  method  which  would  possess  the  advan- 
tages of  both  of  these  classes,  it  would  become  of  great  import- 
ance in  astronomy,  as  we  should  be  enabled  by  it  to  measure 
even  those  small  forces  which  are,  for  instance,  produced  by  the 
difference  in  distance  between  any  point  on  the  earth's  surface 
from  sun  or  moon  and  the  distance  of  the  earth's  centre  of  gra- 
vity, or  by  difference  in  the  centrifugal  force  of  two  points  at 
different  distances  from  the  earth's  surface.'' 

I  explained  the  principles  of  such  a  method  and  its  practicabi- 
lity in  an  apparatus  for  which  I  proposed  the  name  of 

"Horizontal  Pendulum," 
in  order  to  distinguish  it  from  other  pendulum-like  instruments, 
also  suspended  by  two  threads.     I  gave  the  description  of  this 
pendulum  with  some  remarks  about  its  sensitiveness  in  the  fol- 
lowing words : — 

"The  end  of  a  thin  rod  of  glass  210  millims.  long  is  joined 
to  the  end  of  a  fine  steel  wire  of  170  millims.  length ;  the  other 

*  Proceedings  of  the  Royal  Saxon  Society  of  Sciences,  November  27, 
1869,  "  On  a  new  Method  for  the  Measurements  of  Attractive  and  Repul- 
sive Forces." 

t  Comptes  Rendus,  vol.  liv.  p.  728. 
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end  of  this  wire  is  fixed  to  a  projection  20  millims.  long  at  the 
foot  of  a  vertical  brass  stand.  The  end  of  a  second  wire,  of  equal 
length,  is  attached  to  the  glass  rod  at  10  millims.  distance  from 
the  point  of  attachment  of  the  former,  and  is  fixed  to  a  projection 
at  the  upper  end  of  the  stand,  nearly  vertically  over  the  point  of 
attachment  of  the  first  wire. 

"  A  micrometer-screw  of  the  stand  enables  us  to  diminish  in-, 
definitely  the  momentum  of  direction  of  the  'horizontal  pen- 
dulum.' It  is  reduced  to  zero  if  the  two  points  of  attachment 
lie  in  the  same  normal,  supposing  we  neglect  the  torsion  of  the 
wires.  Having  regard  to  this  torsion,  however,  the  two  points 
must  lie  in  a  line  which  is  a  little  inclined  to  the  normal. 

"  The  described  horizontal  pendulum  was  put  up  in  the  cellar 
of  the  university  buildings,  which  is  12  feet  deep;  the  tempera- 
ture in  it  is  very  constant.  A  mirror  attached  to  the  end  of  this 
pendulum  allows  us  to  read  off  the  changes  in  the  direction  ac- 
cording to  the  method  of  mirror- readings  on  a  scale  2500  mil- 
lims. distant  from  the  mirror.  It  is  easily  conceived  that  this 
apparatus  can  indicate  very  small  changes  of  the  normal  with 
respect  to  the  horizon.  When  the  time  of  vibration  was  brought 
to  52  seconds  by  means  of  the  tangent- screws,  a  deviation  of  10 
millims.  on  the  scale  corresponded  to  an  inclination  of  the  horizon 
amounting  to  0'035  second  of  an  arc;  and  as  the  tenth  part  of 
a  division  may  be  estimated  with  surety,  000035  second  of  an 
arc  could  be  perceived.  One  can  easily  form  an  idea  of  the  sen- 
sitiveness of  the  apparatus  if  1  remark  that  the  difference  in  pres- 
sure which  was  caused  in  the  foundations  of  the  building  when 
a  lecture-room  on  the  second  floor  was  filled,  originated  a  devia- 
tion in  the  dot  of  light  of  twenty  divisions  of  the  scale.  When 
the  lecture-room  was  empty  again,  the  mirror  regained  its  former 
position.  This  instrument  is  therefore  at  the  same  time  an  ex- 
ceedingly sensitive  seismometer. 

"  The  apparatus  are,  of  course,  protected  by  suitable  covers 
from  the  currents  of  air  and  influences  of  radiant  heat." 

After  many  trials  and  much  trouble*  I  constructed  the  ap- 

*  I  discovered  in  the  above-mentioned  cellar  a  sjtace  lying  aliont  15  feet 
deeper,  which  led  directlv  to  the  bottom  ol'  the  foundations.  It  was,  how- 
ever, too  narrow  to  receive  the  telescope  and  scale  down  ;  so  that  I  was 
obli{>;cd  to  content  myself  with  bringing;  only  the  iiistrunicnt  down  and  re- 
flectinfr  the  miaue  of  the  scale  into  a  telescojie  directed  vertically  downwards. 
When  the  whole  instrument  was  protected  l)y  a  brass  cover,  which  had  only 
an  opening;  dosed  by  a  plane  glass  |)late  oi)posite  the  mirror,  the  o))ening 
leading  to  this  subterranean  space  was  shut  up,  with  the  excejition  of  the 
parts  necessary  for  the  reading-off.  The  instrument  was  thus  excellently 
secured  from  disturbing  changes  in  temperature.  IJut  the  above-mentioned 
elastic  com])ression  of  the  building. or  rather  the  variation  of  level  in  the  fun- 
damental plane  of  the  building,  could  stdl  be  observed  ;  the  magnitude, 
however,of  the  deviation  was  reduced  to  about  two  thirds  of  its  original  value. 


and  the  Maynetic  Relations  of  tJie  Heavenly  Bodies,        493 

paratus,  represented  in  Plate  III.  which  accompanies  this  paper 
not  quite  one  sixth  of  its  natural  size.  In  place  of  the  thin 
wires,  on  which  the  known  changes  in  the  position  of  equilibrium 
acted  disturbingly,  I  used  tliin  watchsprings,  a,  a',  winch  were 
held  in  continual  tension  by  the  weight  A  with  the  mirror  c  in 
front.  I  preferred  to  give  to  the  instrument  the  greatest  pos- 
sible dimensions  and  weight,  as  the  influences  of  sudden  changes 
in  temperature  and  the  currents  of  air  accompanying  those 
changes  were  diminished  accordingly.  The  stand  is  made  of 
iron;  and  the  feet  of  the  tripod  are  as  long  as  possible,  in  order 
to  effect  very  small  changes  in  the  position  of  the  points  of  sus- 
pension with  regard  to  the  direction  of  gravitation  by  the  slow 
movement  of  the  screws. 

The  screw  d,  which  is  situated  as  nearly  as  possible  in  the  ver- 
tical plane  passmg  through  the  two  points  of  suspension  c  and 
d ,  allows  us  to  change  as  required  the  sensitiveness  of  the  in- 
strument, as  by  the  relative  position  of  the  points  c  and  c'  the 
time  of  vibration  of  the  horizontal  pendulum  is  determined.  A 
time  of  vibration  of  30  seconds  (half  a  period)  i'^  easily  accom- 
plished. B  is  a  counterpoise  to  A.  Before  the  oscillating  mass 
A  and  the  parts  belonging  to  it  were  placed  in  the  rings,  which 
fit  into  small  incisions  cut  into  the  cylindrical  axis,  it  was  set 
into  vibration  by  the  direct  action  of  gravity  round  a  knife- 
edge  occupying  provisionally  the  place  of  the  turning-point. 
The  time  of  oscillation  amounted  to  nearly  0*25  second.  By 
means  of  a  known  relation,  the  ratio  of  the  moments  of  direction 
are  thus  easily  obtained  which  are  exerted  by  gravity  on  the  vi- 
brating mass  in  the  horizontal  and  vertical  directions. 

The  theory  of  the  instrument  for  very  small  elongations, 
which  alone  need  be  here  considered,  is  very  simple ;  so  that  I 
shall  content  myself  with  communicating  a  few  values  obtained 
from  the  numerous  series  of  observations  which  have  been  made 
dui'ing  the  years  1870  and  1871,  in  order  to  enable  the  reader 
to  judge  of  the  applicability  and  sensitiveness  of  the  instrument. 

I  must,  however,  first  make  some  remarks  on  the  setting-up 
of  the  instrument.  As  the  disturbances  in  the  centre  of  the 
town  were  too  frequent,  it  was  transported  into  a  little  dome 
built  in  the  garden  of  the  observatory  for  astrophysical  researches. 
Close  to  it  1  had  a  massive  pillar  of  sandstone  erected,  covered  in 
its  whole  extent  by  an  insulated  case,  which,  similarly  to  all  re- 
frigerators, was  provided  with  thick  walls  filled  with  bad  con- 
ductors of  heat ;  on  the  inner  side  the  walls  were  covered  with 
tin.  The  case  was  surrounded  by  a  small  wooden  structure, 
with  an  interval  of  about  half  a  foot,  allowing  the  air  to  circulate 
freely,  but  protecting  the  first  box  from  any  direct  infiuence  of 
radiant  solar  heat.     On  one  side  of  the  building  doors  were  in- 
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troduccd,  so  as  to  allow  free  access  to  the  instrument.  The 
observations  were  made  from  the  inner  space  of  the  small  ob- 
servatory, one  wall  of  which  was  broken  through  for  this  pur- 
pose; through  this  opening  the  mirror  of  the  pendulum,  shut 
up  in  a  separate  box  with  a  plane  glass  plate,  was  observed. 

I  now  take  the  liberty  to  communicate  an  observation  extended 
over  several  hours,  which  I  made  on  September  18,  1870,  du- 
ring the  evening  hours  from  6**  35™  to  lO*"  3b°^. 

Observation  with  the  Horizontal  Pendulum. 

Distance  of  scale  from  mirror  =3186  millims. 
Duration  of  a  vibration       .      =14*444  seconds. 

With  regard  to  the  above-mentioned  time  of  vibration  of  0"25 
second,  we  calculate  that  a  millimetre-division  on  the  scale  cor- 
responds to  a  deviation  of  00097063  second  of  an  arc  of  an  or- 
dinary pendulum.  The  numbers  given  in  the  Table  indicate 
the  readino;s  of  the  values  of  the  elongations. 


Leipzig, 

September  18,  ' 

1870 

. 

No. 

Time. 

Reading. 

No. 

Time. 

Reading. 

No. 

Time. 

Reading. 

1. 

h    m 
6  35 

76-8 1^^"* 

15. 

h   m 

78-91  -9„ 

29. 

h   m 

7  52 

82-4     ^^  * 

2. 

^^■U78-'J 
77.yj7«.J 

16. 

7  35 

J?;»)8«3 

30. 

s11[«- 

3. 

«»;«}m 

17. 

ltt}>^' 

31. 

?n}«-2 

4. 

VA^^-^ 

18. 

»-}8i.. 

32. 

8    0 

SI}«-9 

5. 



??:U'»« 

19. 

Sn^'"' 

33. 

S:2}»'» 

6. 

5?1}«' 

20. 

S:S}«>« 

34. 

8    2 

SS}"» 

7. 

78-3    ^^^ 

21. 

7  35 

80-5  1  J,,  „ 

35. 

^'i:f,}»-» 

8. 

^^■^  \  791 
80  1  J  '^  ' 

22. 

^^'^  \  8ft« 

36. 

^ll:S}»'» 

9. 

80  3  ]'^^ 

23. 

g,.7|810 

37. 

""■■Ui-i 

10. 

80-5}7«-« 

24. 

7  38 

800  1  oo.« 

38. 

8    4 

r.}^'-' 

11. 

''^■^  179-7 
80-6     '^  ' 

25. 

7  50 

S3}««« 

39. 

10    0 

ZA^-^ 

12. 

6  53 

80-5  f  '-^  ' 

26. 

r7}«'-0 

40. 

iii}^" 

13. 

K}"« 

27. 

^^}^^-0 

41. 

10  35 

srr^' 

14 

^l}"« 

28. 

jr.5}«^-« 

42. 

£S}«^' 

These  numbers  will  be  sufficient  to  prove  the  great  sensitive- 
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ness  of  the  instrument,  and  the  surety  with  which  we  can  ob- 
serve deviations  of  only  0*001  second  of  arc,  even  with  a  time  of 
vibration  of  14*44  seconds.  The  above  would  be  the  value  cor- 
responding, according  to  the  above  relation  between  one  division 
of  the  scale  of  the  horizontal  and  one  of  the  vertical  pendulum, 
to  about  01  division  of  the  former. 

We  can  easily  increase  to  four  or  five  times  the  sensitiveness 
of  the  instrument  by  raising  the  foot  with  the  adjusting-screw  <;?; 
but  for  this  the  stability  of  the  pillar  and  its  surrounding  parts 
was  not  sufficient,  in  spite  of  all  precautions.  A  railway-train 
passing  at  a  distance  of  about  H  kilometre  caused  undulatory 
motions  of  the  ground,  which  called  forth  periodic  variations  of 
the  position  of  equilibrium  of  the  horizontal  pendulum. 

Such  observations  are  therefore  best  made  in  deep  and  quiet 
mines,  where  the  variations  of  temperature  and  shakings  of 
the  earth  are  absent,  and  all  those  influences  can  therefore  be 
determined  quantitatively  which  are  caused  either  directly  by 
volcanic  movements  of  the  ground,  or  indirectly  by  magnetical 
induction  through  changes  in  the  velocity  of  the  streaming 
masses  on  the  inner  part  of  the  earth. 

Besides  the  generation  of  an  inner  tidal  and  pressure-wave, 
the  sun  and  moon  exert  a  direct  influence  on  the  position  of  the 
instrument,  because  they  attract  with  diff'erent  intensity  the 
centre  of  gravity  of  the  earth  and  the  centre  of  gravity  of  the 
pendulum.  The  magnitude  of  the  deviation  of  the  plumbline  has 
been  made  the  subject  of  an  interesting  research  by  C.  A.  F. 
Peters*. 

The  mean  deviation  which  the  moon  can  generate  in  its  most 
favourable  position   amounts,    according  to  the    deductions  of 
•  Peters,  to  0""0174;  that  which   the  sun  generates  under  the 
same  conditions  amounts  to  0"*0080. 

If  the  horizontal  pendulum  is  put  up,  as  mine  is,  so  that  the 
position  of  equilibrium  lies  in  the  plane  of  the  meridian,  it  is  clear 
that  the  above  maximum  values  of  deviation  must  have  opposite 
signs,  according  as  the  heavenly  body  is  to  the  east  or  to  the 
west  of  the  meridian ;  the  angular  diff'erence  will  therefore  be 
doubled  in  both  cases — that  is, 

For  the  lunar  influence  =  0"-0348, 
For  the  solar  influence  =  0"*0160. 

The  inaccuracy  of  the  observations  given  above  would  therefore, 
after  one  reading,  amount  to  3^3-  of  the  amount  to  be  measured  in 

*  "  On  the  small  Deviations  of  the  Phimbline  and  Level  which  are  caused 
by  the  Attraction  of  the  Sun,  the  Moon,  and  some  Terrestrial  Bodies. 
By  Dr.  C.  A.  F.  Peters,"  Bulletin  de  la  Classe  physico-mathematique  de 
I  Acad.  Imp.  des  Sciences  de  St.  Petersbourg,  tome  iii.  No.  14.  Petersburg, 
1844. 
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the  case  of  the  moon,  and  ^  in  that  of  the  sun.  But,  as  already 
stated,  the  exterior  conditions  under  which  the  observations 
have  been  made  are  very  unfavourable  for  the  purpose  in  ques- 
tion; so  that  in  mines,  under  the  supposition  that  the  reactions 
of  the  glowing  liquid  nucleus  of  the  earth  are  not  magnitudes  of 
the  same  order,  the  sensitiveness  of  the  instrument  would  be 
considerably  increased.  We  thus  may  even  expect  to  determine 
the  magnitudes  on  which  the  just-mentioned  influences  depend 
by  a  much  extended  and  statistically  treated  series  of  observations, 
— that  is  to  say,  the  masses  and  distances  of  sun  and  moon  in 
units  of  the  mass  and  radius  of  the  earth. 

Another  subject  of  interest  is  connected  theoretically  with  the 
observations  of  the  horizontal  pendulum.  Supposing  the  instru- 
ment is  set  up  as  mentioned  in  the  meridian,  the  pendulum,  if 
moving  only  under  the  influence  of  the  sun,  would  pass  in  twenty- 
four  hours  four  times  through  its  position  of  equilibriuui  in  the 
meridian — at  sunrise,  at  sunset,  and  at  the  upper  and  under 
passage  of  the  sun  through  the  meridian.  As  the  movement  of 
the  pendulum  is  not  an  eff'ect  of  summation  as  that  of  the  sea  in 
the  tides,  but  is  generated  directly  by  atti'active  action  at  a  dis- 
tance, it  must  take  place  simultaneously  with  the  corresponding 
true  position  of  the  sun.  But  if  gravity,  as  light,  takes  a  time 
of  about  eight  minutes  in  arriving  from  the  sun  to  the  earth, 
the  above  positions  of  equilibrium  would  take  place  so  much  later. 
If,  therefore,  we  only  succeed  in  determining  these  positions 
to  within  one  minute  of  accuracy,  the  question  whether  gravity 
needs  time  for  its  propagation  ccnild  be  decided,  even  if  this  ve- 
locity were  ten  times  that  of  light. 

The  future,  and  persevering  observation,  must  decide  whether 
the  rigidity  of  the  crust  of  our  earth*  is  sufficiently  great,  in  pro- 
portion to  the  above-mentioned  influences,  to  allow-  such  obser- 
vations to  be  made  with  success.     At  any  rate,  systematical  ob- 

*  Several  attempts  have  been  made,  chiefly  by  Hopkins,  Sir  W.  Thom- 
son, and  Pratt,  to  decide  the  question  whetlier  the  nucleus  of  the  earth  is 
solid  or  liquid,  whether  its  crust  is  thick  or  thin,  moveable  or  immove- 
able. The  researches  relating  to  this  question  have,  on  the  one  hand,  taken 
into  consideration  the  influences  of  these  |)ro]ierties  on  the  constant  of  pre- 
cession, and,  on  the  other,  transferred  directly  the  observntious  made  on 
the  ri{i;idity  of  solid  bodies  to  the  conditions  of  cohesion  of  the  earth.  It 
follows  directly  from  tlie  ])henonieua  of  the  tides,  that  the  crust  of  the 
earth  is  not  to  the  fluid  nucleus  as  a  swiuimiufi:  island  or  a  covering  of  ice 
to  the  sea.  But  to  determine  the  degree  of  rigulity  of  the  crust  of  the 
earth  (which  is  comi)ressed  by  immense  forces  according  to  the  ))riuciples 
of  ceilar-vaidts)  from  the  forces  which  the  moon  exerts  on  these  masses 
18,  I  think,  just  as  hazardous  as  to  draw  a  conclusion  on  the  inner  condi- 
tion of  an  egg  from  its  deforinatiou  by  outward  forces.  As  long  as  the  forces 
are  not  strong  enough  to  break  the  egg,  we  shall  hardly  ascertain  in  this  way 
whether  the  egg  is  raw  or  boiled. 
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servations  made  simultaneously  in  two  vertical  circles  with  the 
horizontal  pendulum,  and  their  comparison  with  the  readings 
of  magnetical  instruments,  will  supply  valuable  material.  Their 
discussion  will  elucidate  the  causes  of  the  close  relation  between 
the  mechanical,  electrical,  and  magnetical  phenomena  on  our 
planet.  We  come  by  this  into  possession  of  an  exceedingly  rich 
language  of  signs,  the  explanation  of  which  will  perhaps  some  day 
give  us  as  clear  a  conception  of  the  occurrences  in  the  earth  as 
the  language  of  signs  of  the  senses,  chiefly  by  the  help  of  light, 
has  given  us  of  the  occurrences  on  its  surface. 

Appendix. 

In  conclusion  of  the  present  research  on  the  Origin  of  the 
Earth^s  Magnetism  and  the  Magnetical  Relations  of  the  Hea- 
venly Bodies,  I  return  to  those  considerations  which  formed  the 
starting-point  of  my  views  of  the  physical  causes  of  the  electric 
currents  which  circulate  round  the  earth  from  east  to  west,  and 
thus  call  forth  the  magnetical  and  electrical  phenomena  on  the 
surface  of  the  earth.  The  reasons  developed  there,  by  which  I 
was  inclined  to  regard  the  connexion  between  electrical  cur- 
rents and  streaming  motion  of  liquids  as  a  fundamental  fact,  grew, 
in  the  course  of  the  whole  research,  into  such  a  conviction  that  " 
I  cherished  the  desire  to  show  the  existence  of  these  currents  di- 
rectly in  flowing  water. 

Before  going  to  the  description  of  the  simple  experiments 
which  seem  to  prove  indeed  the  existence  of  such  currents  of 
very  considerable  electromotive  force  in  streaming  water,  always 
in  the  same  direction  as  the  current  of  water,  I  may  mention 
here  those  observations  which  have  recently  proved  the  constant 
existence  of  electrical  currents  in  the  crust  of  the  earth.  The 
literature  on  these  earth-currents  is  already  voluminous;  its 
beginning  is  chiefly  from  the  year  1859,  when  strong  earth-cur- 
rents rendered  the  correspondence  by  telegraph  on  all  lines  im- 
possible on  the  occasion  of  an  aurora  taking  place  on  August  29 
with  rare  splendour,  which  I  myself  observed  in  Basle  until 
morning-dawn.  Through  the  acquaintance  of  a  telegraphist  I 
had  opportunity  to  convince  myself  on  the  following  morning  at 
7  o^clock  of  the  force  with  which  the  armature  of  the  electro- 
magnet still  remained  permanently  in  contact  with  the  ends  of 
the  horseshoe. 

In  the  year  1859  Lamont*  had  stretched  telegraph  wires  in 
the' observatory  of  Munich  from  east  to  west  and  south  to  north 
and  jomed  them  to  end-plates.  The  electric  current  which  was 
constantly  flowing  was  during  a  long  time  observed  and  regis- 
tered hourly  in  the  observatory  by  means  of  galvanometers.     It 

*  The  Earth-current  and  its  Connexion  with  the  Magnetism  of  the 
Earth.     Leipzig,  1862,  pp.  1-7-1. 

Phil.  Mag,  S.  4.  No.  289.  Suppl.  Vol.  43.  2  K 
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was  found  tlial  small  movements  in  the  horizontal  intensity  of  the 
terrestrial  magnetism  coincided  with  simultaneous  small  changes 
of  the  current  in  the  line  running  from  east  to  west. 

AVhen  magnetic  instruments  and  galvanometers  of  greater 
sensitiveness  were  employed,  a  complete  analogy  was  found  to 
exist  between  the  current  in  the  ivire  'running  from  east  to  west 
and  the  intensity,  and  then  between  the  current  of  the  wire  running 
from  north  to  south  and  the  dip.  Moreover  it  was  found,  by  com- 
parison of  the  move/nents  in  the  wires  which  were  stretched 
along  the  astronomical  and  magnetical  meridians,  that  the  move- 
ment of  the  earth-current  takes  place  chiefly  parallel  with  the 
equator. 

Already,  before  these  observations  of  Lamont's,  Walker*  had 
occupied  himself  with  similar  researches,  which,  however,  chiefly 
referred  to  the  great  and  extraordinary  movements  of  the  earth- 
current,  and  were  therefore  made  on  the  telegraph-lines.  He 
found  that  the  earth-current  was  directed  from  north-east  to 
south-west,  or  vice  versd,  and  in  a  line  inclined  at  an  angle  of 
41 1°  to  the  astronomical  meridian. 

It  is  remarkable,  however,  that  in  telegraph-lines  lying  in  the 
same  direction  the  earth-current  is  not  always  equally  intense; 
some  lines  are  even  found  in  which  the  earth-current  never 
shows  great  intensity. 

Very  extensive  researches  on  the  earth- current  have  been 
made  by  Matteuccif  and  SccchiJ. 

Matteucci  laid  two  wires  covered  with  gutta  percha,  each  6 
kilometres  long,  one  in  the  magnetic  meridian,  the  other  in  a 
direction  at  right  angles  to  it.  At  the  ends  ditches  of  2  metres 
depth  were  sunk.  In  the  middle  of  each  ditch  a  hole  of  ^  cubic 
metre  was  made,  the  sides  of  which  were  covered  with  clay,  and 
filled  vvitli  water.  Porous  vessels  filled  with  a  saturated  solu- 
tion of  sulphate  of  zinc  were  then  placed  in  these  holes,  in 
which  well-amalgamated  zinc  plates  were  laid  which  were  in 
communication  with  the  wires.     In  this  manner  the  plates  were 

•  "  On  Magnetic  Storms  and  Earth-rnrrents."  Proceedings  of  the 
Royal  Society,  vol.  xi.  \^\>.  105-1 1 1  ;  Phil.  Trans.  1861,  pp.  89-131.  Other 
Literature  in  18()1:  — 

II.  LloAd,  "  On  Earth-currents  and  their  Connexion  with  the  Pheno- 
mena of  Terrestrial  iMafrnetism,"  Phil.  Mag.  Ser.  4.  vol.  xxii. 

15.  Stewart,  "  On  the  great  Magnetic  Disturbance  of  August  28  to  Sep- 
tember 7,  18.').'),  as  recorded  by  Photograjihy  at  the  Kew  Observatory," 
Proceedings  of  the  Hoyal  Society,  vol.  xi. 

Airy,  "  On  Spontaneous  Terrestrial  Currents,"  Reports  of  Rrit.  Assoc. 
18(il  'and  l8(iJ. 

f  "  Sur  les  Comants  Electriques  de  la  Terre,"  Comptes  Reiidus,  tome 
Iviii.  p.  !M2  et  scqq.  (\HM). 

I  "  Sur  les  Courants  de  la  Terre  et  leur  Relation  avec  les  Phenomcnes 
Electriques  ct  Magnetiques,"  Comptes  Ren  Jus,  tome  Iviii.  p.  1 181  et  seqq. 
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secured  from  all  chemical  influence;  and  as  precautions  were 
taken  to  keep  the  amalgamated  [)lates  at  the  same  temperature, 
Mattencci  expresses  his  conviction  that  there  could  not  have 
been  any  thermoelectric  currents.  The  observations  made 
during  one  month  gave  the  following  results  : — 

1.  Currents  were  almost  always  present. 

2.  Deeper  ditches  and  wet  weather  gave  an  increase  of  the 
currents. 

3.  With  the  original  depth  of  the  ditches  an  increase  in  the 
dimensions  of  the  porous  vessel  or  the  zinc  plates  did  not  cause 
a  stronger  current. 

4.  In  the  line  running  from  north  to  south  the  direction  of 
the  current  was  always  constant,  and  was  flowing  in  the  stretched 
wire  from  south  to  north.  The  intensity  of  this  current  showed 
a  daily  period  with  two  maxima  and  two  minima :  the  minima 
take  place  at  noon  and  midnight  (an  hour  sooner  or  later) ;  the 
maxima  take  place  at  5-7^^  in  the  morning,  and  3-7**  in  the 
afternoon. 

5.  The  line  running  from  east  to  west  shows  great  incon- 
stancy in  the  intensity  of  the  current  (according  to  the  galva- 
nometer from  0°  to  ±15°)  as  well  as  in  its  direction;  the  direc- 
tion from  west  to  east  in  the  wire,  however,  is  the  most  common. 

6.  The  connexion  of  the  northern  or  southern  plate  with  the 
eastern  or  western  gave  generally  a  current  which  was  equal  to 
the  current  in  the  south-north  line. 

7.  The  direction  and  intensity  of  the  north-south  current  was 
independent  of  the  temperature  of  the  air,  which  varied  between 
0°  and  +18^;  it  was  independent  of  the  humidity  of  the  air; 
neither  storms  nor  thunderstorms  had  any  influence. 

8.  Nothing  was  changed  in  the  results  when  the  wires  which 
were  covered  with  gutta  percha  were  taken  off"  the  telegraph- 
posts  and  laid  upon  the  earth. 

What,  asks  now  Matteucci,  is  the  cause  of  these  currents  ? 
He  declares  that  he  is  not  able  to  give  any  decisive  answer.  But 
he  is  inclined  to  assume  a  close  connexion  with  the  terrestrial  mag- 
netism. 

A  not  less  interesting  fact  of  observation  is  communicated  by 
Matteucci  in  a  second  paper*.  A  constant  and  very  remarkable 
connexion  between  the  direction  of  the  current  and  the  diff'crence 
in  level  of  the  two  zinc  plates.  Every  ivire  ivhich  is  connected 
with  the  ground  at  points  of  which  one  is  deeper  than  the  other, 
shows  a  pretty  constant  current  which  goes  in  the  ivire  from  the 
deeper  to  the  higher  station,  and  which  at  every  atmospheric  discharge 
receives  a  sudden  increase,  which,  however,  only  lasts  for  an  instant. 

The  experiments  were  made  on  four  difierent  lines,  of  a  length 
*  Comptes  Rendus,  tome  lix,  p.  511-516. 
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varying  from  COO  to  36,000  metres,  and  a  difference  in  depth  of 
83  to  (11.2  metres.  They  always  gave  concordant  results  ;  but  tite 
longer  wire  and  larger  differpnce  in  height  gave  a  stronger  current. 

As  regards  the  quality  of  these  currents,  Matteucci  discusses 
expressly  the  question  whether  they  are  to  be  regarded  as  branch 
currents.  He  answers  the  question  in  the  negative,  as  the  con- 
ductivity of  the  earth  must  be  assumed  to  be  infinitely  great 
in  comparison  with  that  of  the  wires. 

According  to  my  opinion,  nothing  else  remains  than  to  con- 
sider the  layer  of  earth  between  the  zinc  plates  electrically  active, 
similarly  to  a  voltaic  pile.  The  fact  that  the  intensity  of  the  ob- 
served currents  increased  with  the  interposed  layer  of  eaith  would 
be  in  harmony  with  this  assumption. 

The  direction  of  the  current  within  the  earth  would, of  course, 
be  the  opposite  of  that  in  the  wires,  so  that  the  surface  of  the 
earth  would  be  surrounded  by  currents  flowing  from  east  to  west 
and  from  north  to  south. 

With  regard  to  the  diaphragmic  currents  of  Quincke,  it  would 
be  interesting  to  see  whether  the  moisture  constantly  descending 
in  the  earth  under  great  pressure  would  not  be  sufficient  to  ge- 
nerate these  currents.  Such  a  movement  of  the  moisture  in 
the  porous  layers  of  earth  would  also  take  place  from  the  colder 
and  damp  regions  to  the  hotter  and  dry  regions,  and  give  rise 
to  electric  currents  directed  in  the  same  direction.  The  free 
tension  of  the  thus  excited  electricity  could,  if  sufficiently 
strong,  make  itself  perceptible  in  the  electricity  of  the  air. 

In  this  respect  Secchi's  above-mentioned  researches  offer 
still  more  complete  material  for  the  decision  of  the  question  here 
stated. 

Two  telegraph-lines  were  constructed,  one  running  from  north 
to  south,  the  other  directed  from  east  to  west.  On  both  hourly 
observations  were  made  from  6  o'clock  in  the  morning  to  mid- 
night, from  June  1  to  16,  1863. 

The  following  are  the  results  of  these  observations  : — 

1.  The  line  running  from  east  to  west  shows  much  stro  ger 
variations  than  the  north-south  line. 

2.  The  maxima  of  one  line  are  coincident  with  the  minima  of 
the  other  ;  this  is  true  for  the  secondary  as  well  as  for  the  pri- 
mary turning-points.  The  chief  turning-points  arc  at  7-8''  a.\j, 
(minimum  of  north-south  and  maximum  of  the  east-west  line) 
and  11-12^  at  noon  (maximum  of  north-south  and  minimum  of 
the  east- west  line). 

3.  During  the  night  the  currents  are  stronger  and  remain 
pretty  constant. 

Father  Sicdii  draws  from  these  experiments  the  conclusion 
that  it  is  sufficient  to  observe  only  one  line,  and  limits  his  further 
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observatious  to  the  north-south  line,  for  which  the  position  of  the 
galvanometer  was  recorded  ten  times  dady  during  a  wliole  year. 

The  monthly  means  of  this  series  of  observations  were  then 
compared  with  the  simultaneous  i'eadir)gs  of  the  bifilar  instru- 
ment, and  with  those  of  the  atmospheric  electricity.  The  result 
was,  that  the  turning -points  of  all  three  classes  of  phenomena  cor- 
responded to  each  other. 

These  facts  of  observation  will  be  sufficient  to  show  their  close 
connexion,  first,  with  my  physical  theory  of  the  origin  of  the 
earth's  magnetism,  and,  secondly,  with  the  experiments  to  be  de- 
scribed presently. 

I  took  a  galvanometer  made  by  Sauerwald  for  the  observa- 
tion of  thermo-currents  with  a  rellecting-mirror,  and  inserted  the 
ends  of  the  copper  wire  into  a  gutta-percha  tube,  into  which  I 
introduced  a  current  of  water  from  the  water-pipes.  The  water, 
after  having  passed  through  the  tube,  was  made  to  flow  into  a 
vessel  partly  tilled  with  water  and  not  insulated.  The  galvano- 
meter always  showed  a  detiection  of  several  degrees,  indicating 
a  current  in  the  direction  of  the  flowing  water. 

The  wider  apart  from  each  other  I  immersed  the  ends  of  the  cop- 
per wire  in  the  water,  the  greater  was  the  deflection,  so  that  the 
whole  streaming  7nass  must  have  acted  in  all  its  parts  similarly  to  a 
voltaic  battery  if  the  observed  deflection  was  not  due  to  a  secondary 
current. 

After  my  expectations  had  been  fulfilled  in  this  manner  by 
the  above  rough  experiments,  I  changed  the  mode  of  experi- 
mentation. 

The  following  is  a  description  of  such  an  experiment,  with  nu- 
merical results. 

I  used  a  glass  tube  500  millims.  long  and  8  millims.  in  dia- 
meter, with  two  holes  in  its  sides  at  a  distance  of  380  millims, 
from  each  other.  The  holes  were  closed  air-tight  by  a  cork,  by 
means  of  which  two  thin  copper  plates  were  introduced  into  the 
tube  in  such  a  way  that  they  were  washed  by  the  flowing  water. 
The  two  ends  of  the  glass  tube  were  joined  to  gutta-percha  tubes 
of  about  its  own  length,  either  of  which  could  be  attached  to  the 
water-pipes,  so  that  the  current  of  the  water  could  be  reversed. 

The  following  are  the  readings  of  the  galvanometer  in  three 
experiments  : — 

Water  not  flowing.         Water  flowing.  Diff"erence. 

369-9  3630  -7-9 

370-0  3620  -8-0 

3710  3630  -8-0 

Distance  of  the  galvanometer  from  the  scale  2500  millims. 
In  a  second  experiment  the  copper  plates  were  not  at  all  in- 
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troduced  into  the  water.  They  were  placed  in  the  sides  of  two 
T-shaped  gU\ss  tubes,  so  that  the  tlowing  water  coukl  not  touch 
them.  The  two  T-sliaped  tubes  were  united  by  a  gutta-percha 
tube  1220  niillinis.  long,  so  that  the  length  of  the  column  of 
water  was  now  about  32  times  as  great  as  in  the  first  experi- 
ments.   The  following  Table  shows  the  results : — 

Water  not  flowing.         Water  flowing.  Difference. 

399-0                      3830  -160 

3990                     3830  -160 
Current  of  water  reversed  : — 

Water  not  flowing.         Water  flowing.  Difference. 

398-5  413-0  -fl4-5 

398-5  412-5  -fl40 

The  direction  of  the  electric  current  was  always  the  same  as 
that  of  the  current  of  water. 

In  order  to  attain  an  approximate  value  for  the  electromo- 
tive force,  I  introduced  into  the  quiet  water  a  current  of  one  of 
Grove's  cells  ;  I  observed  a  deflection  of  60°.  Hence  the  elec- 
tromotive force  produced  by  the  flow  of  a  current  of  water  1220 
millims.  long  was  about  the  fourth  part  of  that  of  a  Grove's  cell. 
I  suspect  that  the  cause  of  these  currents  is  the  same  as  that  of 
the  currents  observed  by  Quincke.  If,  therefore,  Quincke  in  his 
first  paper,  "On  anew  Class  of  Electrical  Currents,^'  says  (p.  13), 
"When  the  tubes  were  fixed  together  without  diaphragm,  no 
deflection  of  the  galvanic  needle  was  observed  ;  we  see,  therefore, 
that  the  diaphragm  is  necessary  for  the  production  of  the  electric 
current,"  the  cause  of  the  failure  is  probably  that  the  column  of 
water  was  too  small,  and  most  likely  insulated. 

I  believe  that  Adie*  in  the  above-mentioned  experiment  (p. 350) 
has  'ibserved  those  electrical  currents  which,  as  1  hope  to  prove  by 
the  above  and  other  experiments,  are  necessarily  connected  with 
every  streaming  motion ;  for  the  moving  forces,  acting  upon 
the  elements  of  a  flowing  mass  of  liquid,  are  not  in  equilibrium 
as  long  as  the  movement  takes  place,  and  I  am  inclined  to  look 
at  the  partial  diflerence  in  pressure  existing  in  the  direction  of 
the  currents  as  the  cause  of  the  electrical  currents.  Experience 
shows  tliat  wherever  such  differences  are  called  forth  in  bodies, 
they  may  become  the  source  of  electricity  by  adequate  combi- 
nation and  under  suitable  conditionsf. 

•  Adie  tries  to  exi)lsiin  the  currents  observed  by  him  by  the  influence  of 
the  oxygen  of  the  iitniosphere,  nccorchng  to  the  analogy  of  gas-batteries. 
He  >ays  in  the  paper  cited,  p.  .'iS.i,  "  With  both  phites  iii  still  water  and  a 
tube  tilled  \\itli  oxygen  inverted  over  one,  the  eHeet  was  the  same." 

t  The  manuscript  of  the  Appendix  was  delivered  to  the  prmters  on  Fe- 
bruary 13,  1872. 
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LXIT.  Bepbj  to  "An   Examination  of  the  recent  attack  on  the 
Atomic  Theory."     By  C.  R.  A.  AVuight,  D.Sc.  Lond.* 

WHEN  there  is  a  difference  of  opinion  about  matters  of 
fact,  it  is  usually  traceable  to  the  use  of  the  same  words 
in  different  senses ;  wherefore  it  is  always  advisable  to  preface 
a  discussion  by  strictly  defining  the  particular  nuanings  attached 
to  the  words  employed.  jMr.  K.  W.  Atkinson  refers  to  my 
paper  "On  the  Relations  between  the  Atomic  Hypothesis  and 
the  Condensed  Symbolic  Expressions  of  Chemical  Facts  and 
Changes  (Dissected  Formula)"  as  an  attack  on  the  AtomicTheory; 
but  the  terms  atomic  hypothesis  (as  I  employ  it)  and  atomic 
theory  (as  the  latter  is  employed  in  University  College  Labora- 
tory) mean  two  utterly  different  things — so  much  so,  that  Dr. 
Williamson,  in  his  admirable  essay  "On  the  Atomic  Theory^' 
(Chem.  Soc.  Journ.  1869,  p.  3.28),  denies  that  notions  which  I 
have  understood  as  necessarily  involved  in  the  atomic  hypothesis 
are  essential  to  the  atomic  theory.  For  instance, he  exemplifies  the 
meaning  of  the  term"atom"  thus  (p. 361): — "In  potassic  hydrate 
oxygen  is  combined  with  hydrogen  ;  it  is  also  combined  with 
potassium  ;  but  the  hydrogen  cannot  pass  off  even  at  a  red  heat 
in  combination  with  its  half  of  the  oxygen.  The  two  halves  are 
inseparable;  and  when  I  say  that  in  a  molecule  of  potassic  hy- 
drate there  is  a  single  atom  of  oxygen,  I  merely  express  that 
fact;"  in  other  words,  Dr.  Williamson  uses  the  term  atom  in 
this  instance  to  express  on]y  facts  which  are  otherwise  expres- 
sible thus  :  "  the  radical  0  is  bivalent  in  reaction  where  the 
substance  designated  by  the  formula  KOH  is  concerned;  and 
this  substance,  unlike  the  analogous  thallous  hydrate,  Tl  OH, 
does  not  undergo  a  reaction  such  as  that  indicated  by  the  sym- 
bols 2K0H  =  HOH  +  K0K  by  the  action  of  heat."  Later 
on,  Dr.  Williamson  refers  to  atoms  thus  (p.  365): — "The  ques- 
tion as  to  whether  our  elementary  atoms  are  in  their  nature 
indivisible,  or  whether  they  are  built  up  of  smaller  particles,  is 
one  upon  which  I,  as  a  chemist,  have  no  hold  whatever;  and  I 
may  say  that  in  chemistry  the  question  is  not  raised  by  any  evi- 
dence whatever.  Tliey  may  be  vortices  such  as  Thomson  has 
spoken  of;  they  may  be  little  hard  indivisible  particles  of  regular  or 
irregular  form."  And  again  (Discussion,  p.  434),  "  Whether  the 
smallest  particles  of  matter  have  a  spherical  form  or  not,  whether 
they  are  in  their  nature  indivisible,  whether  they  are  in  reality 
the  ultimate  atoms  of  matter,  or  like  the  planets  of  this  system, 
he  knew  not,  nor  did  such  questions  exist  for  him  as  a  chemist. 
He  therefore  thought  it  wise  to  exclude  thein,  important  as  they 
were,  from  the  existing  atomic  theory." 

*  Communicated  by  the  Author. 
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From  these  quotations,  together  with  the  statement  (p.  339) 
that  "  the  so-ealletl  hivv  ot  multiple  |)r()portions  has  no  existence 
apart  from  tlie  atomic  theory,"  and  the  phrase  (pp.  334  and 
33G)  "  theory  of  umltiple  proportions/'  it  is  evident  that  what 
Dr.  Williamson  accepts  as  the  meaning  of  the  term  atomic 
theory  is  not  the  same  as  that  which  I  have  attributed  to  the 
phrase  atomic  hypothesis ;  which  latter,  as  accepted  by  Dalton 
and  Berzelius,  maybe  thus  enunciated,  the  terms  Generalization, 
Convention,  and  Hypothesis  being  previously  defined.  A  gene- 
ralization is  a  statement  whereby  a  large  number  of  observations 
or  experimental  facts  are  expressed  with  either  absolute  or  ap- 
proximate accuracy;  thus  the  statements  that  mammalia  are 
vertebrated,  that  nitrates  are  soluble  in  water,  that  gases  expand 
y\^  part  of  their  bulk  at  0°  for  each  \°  C.  increase  of  tempera- 
ture, are  generalizations :  in  the  first  case  there  is  absolute  ac- 
curacy ;  for  no  mammalia  which  are  not  vertebrated  are  known  ; 
in  the  second  and  third  there  is  approximate  accuracy ;  for  ex- 
tremely few  nitrates  are  known  that  are  not  readily  soluble  in 
water;  and  in  the  third  case,  which  is  perhaps  the  most  to  the 
point  in  the  present  discussion,  no  gas  is  known  the  behaviour 
of  which  is  rigorously  in  accordance  with  the  statement  at  all 
temperatures;  but  no  gas  is  known  which  does  not,  under  cer- 
tain defined  conditions,  exhibit  a  behaviour  which  is  in  close 
proximity  to  that  stated  to  occur. 

The  term  convention  is  applied  to  an  expressed  or  tacit  under- 
standnig  that  a  given  mark,  symhol,  or  name,  &c.  shall  be  ap- 
plied to  a  given  proposition,  fact,  object,  &c.  Thus  the  state- 
ment that  the  letter  A  represents  in  England  a  particular  sound, 
that  the  sign  x^  represents  unity  taken  x  times,  and  the  resulting 
sum  or  product  taken  x  times  again,  are  referred  to  as  con- 
ventions. 

The  term  Hypothesis  is  applied  to  some  proposition  incapable  of 
direct  proof  (at  least  in  our  present  state  of  knowledge),  but  by 
admitting  which  a  number  of  facts  may  be  coordniated  and 
shown  to  be  correlated,  and  by  means  of  which  one  can  induc- 
tively argue  from  the  known  to  the  unknown. 

Now  the  two  terms  Theory  and  Zom;  appear  to  be  employed  by 
different  writers  in  different  acceptations.  The  majority  refer  to 
a  theory  as  being  simply  an  hypothesis  in  a  further  state  of  deve- 
lopment :  when  the  predictions  deducible  from  an  hy})Otliesis 
are  found  to  be  mostly  verified  by  experiment  and  observation, 
the  term  theory  is  applied  to  it;  and  when  no  exceptional  case 
is  known  with  which  the  theory  cannot  grapple  and  which  it 
does  not  elucidate,  the  term  Law  of  nature  \^  then  employed;  so 
that  Hypothesis,  Theory,  and  Law  are  three  terms  of  a  similar 
nature,  differing  only  in  their  range  of  application.     Others, 
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nowever,  employ  the  term  law  in  the  sense  in  which  generaliza- 
tion is  above  defined  :  thus  Kepler's  empirical  generalizations 
are  known  as  his  laws ;  while  the  word  theory  is  used  by  some 
in  a  sense  more  nearly  accordant  with  its  derivation,  as  a 
principle  or  system  which  affords  a  point  of  view  of  a  large 
number  of  facts  and  generalizations  at  once.  If  I  understand 
Dr.  Williamson's  essay  aright,  he  usually  employs  the  term  in 
this  sense,  and  as  not  necessarily  entailing  any  hypothesis  at  all, 
although  he  sometimes  uses  it  in  the  sense  of  "  generalization  " 
as  above  defined. 

The  doctrines  propounded  by  Dalton  and  adopted  and  extended 
by  Berzelius  include  the  three  kinds  of  proposition,  viz.  gene- 
ralization, convention,  and  hypothesis,  and  may  be  thus  ex- 
pressed : — 

Generalization. — The  quantitative  composition  of  any  homo- 
geneous body  may  be  represented  with  a  considerable  degree  of 
accuracy  (usually  involving  less  error  than  that  due  to  imperfection 
of  instruments,  impurity  of  specimen,  &c.)  by  taking  and  compa- 
ring simple  multiples  of  certain  fixed  numbers  attached  respect- 
ively to  the  name  of  each  elementary  substance  occurring  in  [i.  e. 
obtainable  from)  the  body  in  question. 

Convention. — This  quantitative  composition  may  be  repre- 
sented more  briefly  still  by  a  system  of  symbols  and  suffixes, 
where  the  symbols  indicate  the  names  of  the  elements  present, 
and  the  suffix  applied  to  any  symbol  indicates  the  multiple  of 
the  fixed  number  mentally  associated  with  that  symbol  which  is 
to  be  taken  in  the  particular  compound  under  consideration. 
This  amounts  to  the  convention  that  all  compounds  are  expres- 
sible by  the  general  formula 

A   .  B,  .  C  .  D .  .  .  .  X, .  Y„ .  Z,, 

abed  X        y        K' 

where  A,  3,0,0...  represent  the  symbols  of  the  known  ele- 
ments, and  a,  b,  c,  d . . .  any  integer  or  zero. 

Hypothesis. — Tlie  observed  facts  summed  up  in  the  generali- 
zation and  expressed  symbolically  by  the  convention  may  be 
accounted  for  by  supposing  that  matter  is  made  up  of  indivi- 
sible portions  of  different  kinds  (atoms),  and  that  the  atom  of 
each  kind  (elementary  atom)  has  a  weight  proportionate  to  the 
fixed  number  attached  to  that  element — a  compound  body  being 
made  up  of  a  number  of  clusters  of  atoms  (molecules),  where  the 
nature  and  number  of  atoms  of  each  given  kind  in  a  cluster  is 
denoted  by  the  symbols  and  attached  suffixes  occurring  in  the 
formula  of  the  body  in  question. 

The  term  atomic  hypothesis,  therefore,  as  I  understand  it  and 
have  employed  it,  includes  two  ideas,  viz.  the  expression  of  some 
proposition  incapable  of  direct  proof,  aud^  secondly,  a  particular 
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proposition  of  tliis  kind  relating  to  the  nature  of  matter  j  and 
when  it  is  stateil  that  the  atomic  hypothesis  is  unnecessary, 
what  is  meant  is  that  in  chemical  invesitigation,  where  the  object 
is  to  discover  new  facts,  properties,  substances,  or  reactions,  to 
connect  such  discoveries  with  previous  ones,  to  furnish  the 
foundation  for  prediction  by  means  of  induction,  to  systematize 
and  correlate  the  results  obtained,  &c.,  neither  of  these  two  ideas 
is  in  any  way  involved. 

It  does  not,  however,  follow  that  because  one  does  not  see  the 
necessity  of  admitting  Dalton's  hypothesis,  one  is  therefore  de- 
barred from  employing  the  generalization  and  convention  of 
which  he  was  the  distinguished  originator,  nor  that  one  is  guilty 
of  inconsistency  in  so  doing;  but  it  does  follow,  if  any  one 
makes  the  statement  that  the  atomic  theory  is  involved  in 
Dalton's  generalization  and  that  this  generalization  has  no  ex- 
istence apart'  from  the  atomic  theory,  that  he  is  employing  the 
term  atomic  theory  in  a  sense  different  from  that  in  which  1  have 
used  the  phrase  atomic  hypothesis. 

When  the  developments  that  have  been  made  on  Dalton's 
original  conceptions  are  closely  examined,  it  is  noticeable  that 
an  entire  change  of  idea  in  many  respects  has  taken  place,  so 
that  the  term  atom  is  now  employed  to  mean  something  very 
dififerent  from  what  it  meant  when  Dalton  first  introduced  the 
word  into  chemistry.  One  of  the  objections  urged  in  my  paper 
against  the  use  of  the  language  of  the  atomic  hypothesis  is  that 
this  language  is  practically  ambiguous,  owing  to  the  gradual 
alteration  that  has  taken  place  in  the  meaning  of  the  terms,  an 
alteration  carried  so  far  by  Dr.  Williamson  as  to  lead  to  the 
distinct  denial  of  the  necessity  of  admitting  the  very  proposition 
expressing  Dalton's  acceptation  of  the  term  atom,  viz.  that 
matter  is  made  up  of  small  indivisible  portions.  Fpr  the  sake 
of  clearness,  therefore,  it  does  not  seem  desirable  that  the  terms 
involved  in  this  admittedly  unnecessary  hypothesis  should  be 
retained  and  used  in  senses  often  opposed  to  those  in  which 
they  were  at  first  employed.  It  may  be  urged  that  no  other 
single  word  exists  capable  of  expressing  the  different  ideas  con- 
veyed by  the  term  atom  as  noiu  employed  ;  and  grammatically 
speaking,  there  appears  to  be  no  reason  why  the  word  atom 
should  not  indicate  a  minimum  ratio  or  indivisible  proportion  as 
much  as  an  indivisible  fragment  of  malter  ;  still  it  does  not  seem 
j)hiloso|>hical  to  use  terms  which  not  only  are  easily  susceptible 
of  double  meanings,  but  which  must  necessarily  entail  ambi- 
guity ;  and  in  point  of  fact  there  is  no  actual  necessity  to  use 
such  terms,  inasmueh  as  all  the  ideas  involved  can  be  conveyed 
in  other  and  more  definite  language. 

It  being  thus  shown  that  what  j\Ir.  Atkinson  actually  dis- 
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cusses  and  refers  to  in  his  paper  is  something  entirely  different 
from  the  ideas  enibodiid  and  principles  laid  down  in  what  he 
professes  to  criticise,  the  reply  to  each  of  his  remarks  becomes 
very  simple. 

Thus,  first,  Mr.  Atkinson  considers  that  either  the  experi- 
mental numbers  obtained  in  the  quantitative  analysis  of  a  series 
of  bodies  composed  of  the  same  elements  in  different  propor- 
tions (as,  for  instance,  the  tungsten  chlorides)  must  be  em- 
ployed, or  else  the  atomic  theory  is,  "  unconsciously,  no  doubt,^' 
assumed.  It  hence  appears  that  Mr.  Atkinson  has  missed  the 
essence  of  the  paper  he  attempts  to  criticise,  viz.  the  distin- 
guishing between  the  use  of  symbols  to  express  with  more  or 
less  accuracy  observed  facts,  and  the  use  of  an  hypothesis  to  ex- 
plain these  facts  :  in  assigning  a  formula  to  a  body  from  the 
results  of  quantitative  analysis,  Dalton's  generalization  only  is 
involved,  his  hypothesis  having  nothing  whatever  to  do  with  the 
matter.  If  what  has  been  already  said  is  not  sufficient  to  con- 
vince the  reader  that  Dalton's  hypothesis  (or,  rather,  modifica- 
tion of  Epicurus's  hypothesis)  as  to  the  coustitut'on  of  n)atter  is 
the  result  and  not  the  cause  of  the  generalizaiion  ordinarily 
known  as  the  law  of  multiple  proportions,  no  further  remarks 
could  have  that  effect. 

If  Mr.  Atkinson's  line  of  argument  were  correct,  it  would  be 
impossible  to  assign  any  formula  to  anything;  for  on  repeti- 
tion of  an  analysis,  slightly  varying  numbers  are  obtained  ;  the 
formula  which  expresses  one  analysis  accurately  would  not  ex- 
press another;  and  there  is  no  reason  why  one  should  be  taken 
rather  than  the  other.  Again,  does  each  so-called  "experi- 
mental law''  (generalization),  which  is  not  proved  with  mathe- 
matical accuracy  by  experiment,  involve  the  conception  of  some 
theory  whereby  the  experimental  differences  are  rendered  negli- 
gible? What  theory,  for  example,  is  it  without  which  the  law 
of  illumination  being  inversely  as  the  square  of  the  distance,  has 
no  real  existence  ?  or  what  theory  is  involved  in  the  experi- 
mental generalization  that  an  electric  current  is  equal  to  the 
electromotive  force  divided  by  the  resistance,  or  in  the  generali- 
zation that  the  volume  of  a  gas  is  inversely  as  the  pressure  to 
which  the  gas  is  subjected  ? 

Precisely  the  same  argument  is  applicable  to  Mr.  Atkinson^s 
objection,  that  experiment  does  not  prove  that  two  volumes  of 
each  of  the  vapours  of  several  compounds  containing  the  same 
element  contain  exact  multiples  of  one  volume  of  the  vapour  of 
that  element ;  no  experimental  law,  i.  e.  generalization,  ever  is 
exactly  proved;  the  generalization  simply  records  approximately 
the  result  of  any  experiment,  the  approximation  being  closer 
the  more  carefully  disturbing  causes  are  eliminated. 
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Mr.  Atkinson  says  that  the  definition  ji:iven  of  a  combining 
nunibi-r  does  not  always  lead  tu  the  number  in  use,  instancing 
ferric  and  aluminic  chlorides  as  cases  in  point.  It  is  almost 
superfluous  to  point  out  that  when  the  combining  number  is 
defined  as  the  minimum  number  of  grams  of  an  element  con- 
tained in  two  volumes  of  the  homogeneous  vapour  of  any  of  its 
compounds,  the  examination  of  only  one  vapour  is  not  sufficient 
to  point  out  a  minimum  ;  thus,  if  benzene  only  were  examined, 
the  combining  number  of  carbon  would  be  found  to  be  72;  if 
several  compounds  cannot  be  examined,  then  the  combining 
number  deduced  from  only  one  or  two  is  liable  to  be  diminished 
by  arguments  drawn  from  chemical  analogy  &c.  In  the  case 
of  aluminium,  Mr.  Atkinson  is  rather  unfortunate  in  his  ex- 
ample ;  for  the  experiments  of  Buckton  and  Odling  tend  to  show 
that  the  formulae  of  aluminic  methide  and  ethide  are  respec- 
tively AlMe^  and  AlEt^,  and  hence  that  the  combining  num- 
ber is  27'5  instead  of  55  as  deduced  from  the  chloride  alone. 

Mr.  Atkinson  says  that  the  rule  given  for  the  determination 
from  its  specific  heat  of  the  combining  number  of  an  element 
that  does  not  yield  a  sufficient  number  of  gasefiable  compounds 
to  allow  of  the  application  of  the  above  rule  is  "  even  more 
fallacious  ; "  but  he  does  not  apply  it  correctly  in  the  exam- 
ples he  gives  :  the  rule  is  deduced  from  the  relations  between 
the  specific  heat  in  the  solid  state  of  the  elements  "mercury, 
sulphur,  selenium,  tellurium,  bromine,  iodine,  phosphorus, 
arsenic,  antimony,  bismuth,  tin,  osmium,  zinc,  and  probably 
others.^'  Mr.  Atkinson,  however,  appplies  it  to  oxygen  and  chlo- 
rine, which  are  not  usually  regarded  as  solids* — and  instances, 
as  exceptional  cases  which  show  that  the  data  on  which  the  rule 
is  founded  are  too  variable  to  justify  reliance,  boron,  carbon,  iron, 
and  aluminium.  As  regards  the  first  two,  they  are  not  men- 
tioned in  connexion  with  the  rule  ;  and  the  fact  of  their  not 
agreeing  with  it  no  more  vitiates  it  than  the  irregular  beha- 
viour of  carbon  dioxide  when  near  its  condensing-point  vitiates 
Marriotte'slaw ;  while  aluminium  is  perfectly  regular,  the  com- 
bining number  deduced  from  the  methide  being  taken.  As  to 
iron,  it  has  been  pointed  out  in  the  last  paragraph  that  the 
combining  number  cannot  be  fixed  from  one  or  two  vapours 
only  ;  and  hence  this  metal  cannot  be  cited  as  an  exception. 

Mr.  Atkinson  considers  that  the  extension  of  the  term  com- 

bining  number  to  relative  numbers  approximately  equal  to  -^ 

o 

is  an  admission  of  the  "  worthlessness  of  the  rule."     If  the  cir- 

*  Mr.  Atkinson  not  only  does  not  take  the  best  deteiminations  of  the 
s))C('iHc  hfiits  of  oxvfjfn  and  cldoriiu-,  hut  lie  takes  the  si)ecific  heats  under 
constant  volume  iustuud  of  under  constant  pressure. 


of  the  recent  attack  on  the  Atomic  Theory"  509 

cumstance  that  experimental  generalizations  can  only  express 
observed  facts  with  approximate  accuracy  is  to  be  taken  as  evi- 
dence of  their  worthlessness,  the  sooner  we  cease  to  waste  time 
by  attempting  to  systematize  phenomena  and  show  their  corre- 
lation by  the  employment  of  experimental  generalizations  the 
better.  Even  astronomical  observations  do  not  always  exhibit  a 
mathematical  agreement  with  the  generalizations  that  express 
them  with  a  great  degree  of  approximation  ;  and  if  the  genera- 
lizations are  "  worthless,"  what  becomes  of  the  theory  of  gravi- 
tation [i.  e.  the  developed  hypothesis)  which  rests  on  them  ? 

The  remarks  of  Mr.  Atkinson  on  the  applicability  of  the  term 
"atom"  to  express  the  observed  facts  that  16  parts  by  weight 
of  oxygen  or  12  of  carbon  is  the  minimum  relative  weight  or 
smallest  proportion  in  which  it  exists  in  compounds  have  been 
already  discussed.  The  term  atom  is  not  used  in  the  sense  of  a 
proportion  or  relative  number  anywhere  throughout  my  paper ; 
it  is  used  in  reference  to  a  particular  hypothesis,  which  is  not 
identical  with  the  facts  from  which  it  takes  its  origin.  Apropos, 
Mr.  Atkinson  considers  that  "  Dr.  ^Villiamson  would  probably 
be  astonished  to  learn  that  he  looked  upon  an  atom  as  a  pure 
number."  Now  it  is  not  asserted  that  Dr.  \\  illiamson  always 
employs  the  term  in  this  particular  defined  sense ;  but  when  he 
distinctly  states  that  the  notion  of  an  atom  being  indivisible  is  a 
question  not  raised  in  chemistry  by  any  evidence  whatever,  and 
that  he  knows  not  whether  atoms  are  really  ultimate  atoms  at 
all,  whether  spherical,  regular,  or  irregular,  or  whether  they  are 
not  vortices,  it  is  somewhat  difficult  to  see  in  what  connexion 
Dr.  Williamson  views  them  other  than  as  simple  numerical 
quantities.  AJr.  Atkinson  does  not  seem  to  be  quite  clear  in  his 
own  mind  as  to  the  meaning  of  the  phrase  "  being  possessed  of 
dimensions  in  space,  mass,  and  time."  Perhaps  he  is  not  aware 
that  these  terms  are  fundamental  conceptions  involved  in  any 
proposition  which  relates  to  energy  or  to  force,  and  that  therefore 
they  are  necessarily  connected  with  any  question  in  which  weight 
is  involved. 

Mr.  Atkinson  inquires  what  is  the  meaning  of  an  equivalent 
quantity  of  a  radical,  which  radical  is  defined  to  be  one  or  more 
symbols  and  suffixes  transferable  from  one  formula  to  another; 
and  he  appears  to  be  amused  at  the  idea  of  valency  being  a  func- 
tion of  an  assemblage  of  symbols.  Nevertheless  this  is  precisely 
what  valency  is ;  it  is  a  term  expressing  certain  differences  be- 
tween symbols,  such  differences  being  deduced  from  the  symbolic 
representation  of  observed  reactions.  Thus,  to  take  the  question 
of  so-called  direct  and  indirect  combination  referred  to  by  Mr. 
Atkinson,  experiment  shows  that  caustic  potash  is  denoted  by  the 
formula  OKH   (KOH,   KHO,   &c.)  ;    if  this  substance,   when 
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treated  by  an  appropriate  agent  undergoes  a  reaction  of  the  kind 
expressed  by  the  symbols 

X"C1'  +  K0H  =  X"0  +  KC1  +  HC1, 

such  a  reaction  is  alkided  to  and  understood  by  the  phrase  "  0 
is  a  bivaU'nt  symbol,  and  II  and  K  univalent  ones  in  formulae 
where  caustic  potash  and  its  derivatives  are  referred  to;"  in 
other  words,  the  valency  of  a  particular  radical  is  a  particular 
function  which  is  fixed  by  the  nature  of  the  reactions  which  the 
bodies  whose  formuJBe  contain  that  radical  are  capable  of  under- 
going. As  to  the  phrase  "  equivalent  quantity  of  a  radical,"  it 
is  self-evident  that  it  is  an  elliptical  expression.  To  take  a  case 
as  an  example,  the  reactions  of  water  show  that  0  is  a  bivalent 
symbol  and  II  a  univalent  one  in  such  reactions;  hence  the  rela- 
tive equivalents  of  the  radicals  O  and  H  are  ^  and  j^,  or  8  and  1 . 
Thus,  when  water  is  electrolyzed,  one  or  both  of  these  reactions 
ensue, 

3H«  0  =  3112  +  03; 

that  is,  the  weights  of  hydrogen  and  oxygen,  or  hydrogen  and 
ozone,  are  always  found  to  be  in  the  proportions,  respectively, 

2(1x2)  to  (8x2)  x2, 
or 

3(1  x2)  „  (8x2)  x3. 

Mr.  Atkinson  desires  that  I  should  account  for  the  differences 
between  isomeric  bodies.  This  is  a  problem  somewhat  beyond 
the  province  of  the  paper  which  Mr.  Atkinson  is  discussing,  the 
object  of  which  was  to  point  out  the  connexion  between  a  par- 
ticular hypothesis  and  certain  facts  expressed  in  symbols.  In 
that  paper  it  was  very  briefly  pointed  out  that  the  different  che- 
mical reactions  of  isomeric  substances  are  readily  exj)ressed  by 
different  modes  of  dissection  of  the  same  formula.  Tlie  limits 
of  the  paper  as  to  length  did  not  permit  a  full  discussion  of  the 
relations  of  the  atomic  hypothesis  to  isomerism  ;  but  I  would 
now  ask,  Does  that  hypothesis  explain  isomerism  ?  or  is  it  not 
rather  opposed  to  what  little  is  known  on  the  subject  ?  On  this 
hypothesis,  isomeric  molecules  consist  of  the  same  number  of  the 
same  atoms,  but  in  different  relative  positions;  then,  either  the 
atoms  are  rigidly  connected,  or  tliey  have  a  limited  amount  of 
mobility  among  themselves:  they  cannot  be  ])erl'ectly  free  to 
move  in  all  directions  ;  otherwise  the  molecule  would  not  hold 
together.  Now  all  our  notions  of  force,  and  the  obseived  trans- 
formations of  potential  into  actual  energy,  or  the  reverse,  which 
take  place  in  chemical  reactions,  are  opposed  to  the  first  suppo- 
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sition,  inasmuch  as  the  motion  which  appears  or  disappears 
during  a  reaction  can  only  be  considered  to  be  derived  from,  or 
imparted  to,  the  atoms  themselves;  i.e.  intramolecular  motion  of 
variable  amount  must  exist.^  Since,  then,  ihe  atoms  must  have 
a  limited  amount  of  motion  (vibratory,  rotatory,  &c.)  among 
themselves,  what  are  the  differences  in  the  rate  or  kind  of  mo- 
tion corresponding  to  the  chemical  differences  between  (for  ex- 
ample) the  three  kinds  of  hydrogen  existing  in  ethylic  alcohol 
in  the  groups  CH^,  CH^,  and  OH  ?  Before  the  atomic  hypothesis 
can  be  said  to  eocpiain  isomerism,  some  connexion  must  be  made 
out  between  these  different  rates  or  kinds  of  intramolecular  mo- 
tion and  the  chemical  and  other  properties  of  the  isomerides; 
for  isomerides  differ  not  only  in  mechanical  properties,  such  as 
specific  gravity,  melting-point,  &c.,  and  in  chemical  reactions, 
but  also  in  the  amount  of  heat  given  out  on  combustion  of  equal 
weights  of  the  substances  respectively;  i.  e.  each  isomeride  repre- 
sents a  different  amount  of  potential  energy ;  and  the  same  holds 
in  the  case  of  allotropic  modifications,  e.  y.  the  carbon  and  phos- 
phorus allotropes.  The  mere  hypothesis  of  the  existence  of  atoms 
is  insufficient  to  explain  these  observed  facts;  whilst,  even  if 
supplemented  by  a  number  of  further  hypotheses  as  to  the  rate 
and  character  of  intramolecular  motions  in  given  instances,  a 
satisfactory  explanation  of  chemical  phenomena  by  these  means 
does  not  seem  probable.  Thus,  granting  that  the  substitution 
of  a  chlorine  atom  for  a  hydrogen  atom  in  one  molecule  is  ac- 
companied by  a  given  change  in  the  motion,  either  of  that  atom 
alone,  or  in  the  motion  of  the  other  atoms  in  the  molecule  as 
well,  it  does  not  appear  that  it  will  be  possible  to  predict  what 
will  be  the  changes  of  motion  that  take  place  when  the  substi- 
tution of  the  chlorine  atom  for  the  hydrogen  atom  occurs  in  an- 
other molecule,  or  even  in  a  different  portion  of  the  same  mole- 
cule. For  instance,  granting  that  the  substitution  of  chlorine  for 
hydrogen  is  attended  by  a  given  change  of  motion,  the  inverse 
substitution  must  be  accompanied  by  the  opposite  change. 
Now,  when  a  molecule  of  hydrogen  is  acted  on  by  a  molecule  of 
chlorine,  in  one  molecule  an  atom  of  hydrogen  is  replaced  by 
one  of  chlorine,  and  in  the  other  an  atom  of  chlorine  is  replaced 
by  one  of  hydrogen.  These  complementary  changes,  therefore, 
should  cause,  on  the  whole,  no  difference  as  to  the  ultimate 
amount  of  motion  in  the  two  original  and  the  two  resulting  mo- 
lecules ;  but  as  a  matter  of  fact  there  is  such  a  difference  ob- 
served {i.  e.  potential  energy  becomes  actual)  when  hydrogen  and 
chlorine  act  on  one  another  in  accordance  with  the  equation 

H2-|-CF=HCH-C1H. 

Again,  to  take  a  simple  case,  when  chlorine  acts  on  hexyl- 
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hydride,  the  two  resulting  monochlorides  are  (Schorlemmer] 
CH^Cl,     CH2,     CIl^     CII^     CH^    CH3 


and 


CH3,     CHCl,     CH2,     OH^,     CH*,    CH^ 


i.  e.  one  represents  a  primary,  the  other  a  secondary  alcohol. 
What  are  the  differences  in  the  changes  of  motion  that  ensue  on 
the  replacement  of  a  hydrogen  atom  by  a  chlorine  atom,  according 
as  this  atom  is  one  of  the  terminal  or  of  the  penultimate  group  ? 
and  why  is  not  one  of  the  more  central  groups  affected  ?  So  far 
from  the  atomic  hypothesis  giving  an  explanation  of  chemical 
phenomena  relating  to  isomerism,  the  explanation  of  the  vast  ma- 
jority of  facts  by  this  means  has  never  yet  been  even  dreamed  of. 

It  might  be  fairly  urged  against  the  symbolic  system  that  it 
does  not  at  present  include  in  the  meanings  of  the  symbols  the 
amount  of  energy  converted  from  the  potential  to  the  actual 
state,  or  vice  versa,  in  any  given  reaction  ;  but  this  is  a  point 
out  of  the  cognizance  of  n)y  paper,  which  only  treated  of  those 
things  that  are  represented  by  these  symbols. 

It  is  sometimes  stated  that  the  existence  of  atoms  (or  at  least 
of  molecules)  is  demonstrated  by  the  consideration  of  the  me- 
chanical properties  of  gases  and  other  physical  facts  :  but  is 
there  not  a  petitio  principii  here  ?  Granting  the  existence  of  mo- 
lecules, certain  observed  properties  of  gases  may  be  explained, 
just  as  the  generalization  of  multij)le  proportions  is  explained  by 
this  supposition ;  but  that  is  no  proof  of  the  existence  of  mole- 
cules. Granting  their  existence,  from  certain  physical  conside- 
rations their  size  may  be  approximately  calculated  ;  but  that  is 
no  proof  of  their  existence,  any  more  than  the  circumstance  that 
certain  electric  phenomena  are  explainable  by,  and  certain  results 
deducible  from,  the  hypothesis  of  the  existence  of  an  imponde- 
rable fluid  is  a  j)roof  of  the  existence  of  such  a  fluid. 

When  it  is  urged  in  favour  of  the  retention  of  such  terms  as 
atom,  &c.,  that  the  advances  in  chemistry  during  the  last  forty 
years  are  due  to  the  atomic  theoiy,  another  fallacy  is  introduced. 
It  does  not  follow  that  because  a  wire  is  useful  in  keeping 
a  young  sapling  erect,  therefore  the  wire  will  be  beneficial 
when  the  plant  is  strcjng  enough  to  dispense  with  its  aid;  nay, 
the  wire  is  prejudicial,  as,  if  retained,  it  warps  the  tree  from  the 
])ei-pendicular  and  causes  it  to  grow  distorted.  Hut  besi(h  s  this 
the  question  arises,  VVhat  is  meant  by  the  term  atomic  theory  in 
this  case?  If  it  be  used  to  designate  wliat  has  been  styled  in 
my  paper  as  the  atomic  hypothesis,  the  truth  of  the  proposition 
may  be  doubted,  at  least  in  very  many  cases.  Thus  it  is  ques- 
tionable whether  the  chemists  who  employ  Kekule's  views  in 
their  researches  on  aromatic  compounds  use  the  symbolic  repre- 
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sentations  of  these  views  as  necessarily  involving  the  notion  of 
indivisible  portions  of  matter.  True,  the  word  "  atom  "  may  be 
employed,  but  not  in  the  Daltonian  sense  of  the  term^  any  more 
than  it  is  employed  in  that  sense  by  Dr.  Williamson.  Kekule's 
propositions  in  fact  amount  to  these :  a  large  number  of  organic 
bodies  are  found  to  undergo  changes  and  produce  reactions  which 
are  expressible  by  the  generalization  and  convention  that  the 
formulae  of  these  substances  are  all  capable  of  expression  by  the 
general  dissection 

CU'— cv 

//     \ 

CZ'       cw 

\,  / 

CY'=CX' 

where  U',  V,  W,  X',  Y',  Z'  represent  either  H  or  some  other  uni- 
valent radical  respectively.  The  extensions  of  knowledge  brought 
about  since,  and  in  consequence  of,  the  propagation  of  his  views 
are  apparently  referable  much  more  to  the  employment  of  sym- 
bols to  indicate  briefly  and  comprehensively  a  host  of  facts  (or, 
what  is  much  the  same  thing  in  principle,  to  the  use  of  compre- 
hensive terms  such  as  "  atom  "  in  senses  not  involving  any  hypo- 
thesis, but  having  only  reference  to  generalizations  and  conventions) , 
than  to  the  influence  of  Dalton's  moditication  of  Epicurus's  hy- 
pothesis as  to  the  constitution  of  matter. 

If,  however,  the  term  atomic  theory  be  not  used  in  this  defined 
sense,  but  be  employed,  as  by  Dr.  Williamson,  to  indicate  che- 
mical philosophy  generally,  with  the  exclusion  of  Dalton's  fun- 
damental notion  as  to  the  existence  of  indivisible  portions  of 
matter,  then  the  statement  that  the  advances  in  chemistry  are 
due  to  the  atomic  theory  is  a  virtual  admission  of  my  points,  viz. 
that  the  advantages  arising  from  the  hypothesis  of  Dalton  (as 
opposed  to  his  generalization  and  convention)  are  much  overrated, 
and  that  the  discussion  of  hypotheses  in  connexion  with  pheno- 
mena is  of  comparatively  little  benefit  to  the  chemist  until  he 
can  arrive  at  some  one  hypothesis  sufficiently  comprehensive  to 
take  in  all  the  phenomena  observed  by  him.  Now  it  may  be 
possible  for  the  atomic  hypothesis,  with  the  aid  of  vast  numbers 
of  subsidiary  postulates  and  hypotheses,  to  explain  all  existing 
facts,  more  especially  those  concerning  the  relations  between 
energy  and  chemical  action ;  but  alone  it  certainly  cannot  do  so, 
and  as  yet  it  has  not  been  shown  to  explain  (even  with  such  ad- 
ditions) the  few  isolated  facts  in  this  latter  field  at  present  known 
to  us. 

The  examination  of  this  field  constitutes  the  chemistry  of  the 
future.     As  yet,  however,  this  is  barely  regarded  as  even  form- 
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ing  a  part  of  chemistry,  the  scope  of  which  branch  of  science  as 
ordinarily  understood  might  be  defined  thus : — "  Chemistry  is 
that  branch  of  the  study  of  matter  which  takes  cognizance  of 
the  changes  produced  by  the  action  of  bodies  on  one  another 
without  involving  any  quantitative  measure  of  energy  of  any 
kind,  but  only  the  observation  of  particular  conditions  {e.  g. 
temperature,  pressure,  &c.)."  Chemistry  will  in  time  mean- 
something  wider  than  this ;  it  and  physics  will  be  regarded  as 
coextensive,  and  identical  in  kind  though  not  in  degree, — physics 
taking  cognizance  of  those  actions  where  the  change  in  the  pro- 
perties of  the  bodies  is  small  or  gradual,  chemistry  of  those 
which  are  greater  or  more  rapid ;  so  that  the  chemistry  of  the 
future  may  be  defined  as  "  that  branch  of  the  study  of  surround- 
ing objects  which  relates  to  their  mutual  actions  on  one  another 
so  as  to  produce  fresh  bodies  diflfering  in  properties  from  the 
original  ones,  such  changes  being  accompanied  by  a  measurable 
transformation  of  potential  into  actual  energy,  or  vice  versa" — 
physics  being,  in  short,  a  subsection  of  chemistry,  and  a  neces- 
sary preliminary  to  its  study. 

Until  a  copious  store  of  knowledge  be  gained  in  this  almost 
tintrodden  realm,  the  materials  are  absent  on  which  to  superin- 
duce an  hypothesis  sufficiently  comprehensive  to  deserve  the  name 
of  theory  (in  the  ordinary  acceptation  of  that  term,  i.  e.  as  one 
speaks  of  the  theory  of  gravitation,  the  developed  hypothesis). 
But  what  little  is  known  indicates  that  the  atomic  hypothesis 
alone  is  inadequate  to  take  in  all  phenomena;  on  the  other  hand, 
it  is  admitted  by  many  chemists,  and  notably  by  Dr. Williamson, 
that  conceptions  involved  in  this  hypothesis  are  "not  raised  in 
chemistry  by  any  evidence  whatever ;  "  while  experience  proves 
that  the  language  founded  on  this  hypothesis  has  so  altered  in 
meaning  as  now  to  be  occasionally  applied  in  senses  contradic- 
tory of  the  original  acceptations ;  so  that,  in  fine,  I  see  no  reason 
for  altering  the  final  conclusions  come  to  iu  the  paper  examined  (?) 
by  Mr.  Atkinson. 

Laboratory,  St.  Mary's  Hospital,  W., 
June  12,  1872. 


LXIII.    On  a  New  Hygrometer.     By  A.  de  la  Rive. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Ge.\TLEMEN,  Geneva,  June  1,  18/2. 

HAVING  just  seen,  in  volume  xx..  No.  132,  of  the  'Pro- 
ceedings of  the  Royal  Society,'  the  description  of  a  "new 
hygrometer"  by  Mr.  AVildnian  Whitehouse*,  allow  me  to  state 
that  an  instrument  founded  on  exactly  the  same  principle  was 

•  See  p.  538  of  the  present  Number. 
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proposed  by  me  in  1825.  My  paper  on  the  subject  first  ap- 
peared in  the  Bibli()thequeUniverseUeoi(jcnewdi{\o\.\\v'i\\.^.2^o)y 
and  the  following  extract  of  it  was  published  the  same  year  by 
Gay-Lussac  in  the  Annales  de  Chimie  et  de  Physique  (vol.  xxx. 
p.  87). 

I  remain.  Gentlemen, 

Yours  &c., 

A.  DE  LA  Rive. 


Translated  from  the  Annales  de  Chimie  et  de  Physique  (vol.  xxx. 

p.  87). 

"  1  plunge  the  bulb  of  a  delicate  thermometer  into  concen- 
trated sulphuric  acid,  and  then  suddenly  withdraw  it  with  a 
slight  shake  so  as  to  leave  only  a  thin  film  of  acid  on  the  surface 
of  the  bulb.  The  thermometer  immediately  rises  several  degrees ; 
and  after  remaining  an  instant  stationary,  it  begins  to  fall.  I 
next  determine  the  number  of  degrees  the  thermometer  rises, 
under  the  same  circumstances,  when  the  atmosphere  is  com- 
pletely saturated  with  moisture ;  the  difference  between  the  two 
results  will  furnish  the  exact  relation  between  the  tension  of  the 
vapour  contained  in  the  atmosphere  at  the  moment  of  my  obser- 
vation and  its  tension  when  the  atmosphere  is  in  a  state  of  per- 
fect saturation.  For  instance,  the  thermometer,  at  the  moment 
of  the  bulb  being  introduced  into  the  sulphuric  acid,  indicated 
12°  Reaumur.  On  being  withdrawn  and  exposed  to  the  air  it 
rose  to  25°*5,  or  13^°.  Placed  under  a  receiver  in  an  atmo- 
sphere of  perfect  saturation  at  the  same  temperature  of  12°  it 
rose  to  27°,  or  15°.  Hence  the  ratio  of  13^  to  15  expresses 
the  i-elation  that  exists  between  the  tension  of  the  vapour  con- 
tained in  the  air  and  the  tension  of  saturation  for  a  tempera- 
ture of  12°.  Now  the  ratio  of  13^  to  15  is  equal  to  that  of 
90  to  100;  and  it  will  be  found,  by  referring  to  Gay-Lussac's 
Table,  published  in  the  Traite  de  Physique  Experiinentale  et 
Mathematique  of  Biot,  that  the  degree  of  Ue  Saussure's  hygro- 
meter which  corresponds  to  the  tension  of  90  is  95 "43.  Du- 
ring the  above  experiment  the  reading  of  the  same  hygrometer 
was  9550. 

"  For  any  other  temperature  than  that  of  12°  R.,  and  for  the 
same  degree  of  De  Saussure's  hygrometer,  the  rise  of  the  ther- 
mometer will  be  proportional  to  the  temperature  of  the  atmo- 
sphere, since  the  quantity  of  aqueous  vapour  the  air  is  capable 
of  containing  depends  mainly  on  its  degree  of  temperature.  It 
would  therefore  appear  to  be  necessary  to  ascertain  the  variation 
of  temperature,  produced  by  air  in  a  state  of  saturation,  for  each 
degree  of  the  thermometer,  were  it  not  that  a  series  of  experi- 
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ments  have  convinced  me  that  it  was  sufficient  for  all  practical 
purposes  to  determine  the  rise  of  the  thermometer,  in  the  case 
of  a  saturated  atmosphere,  for  two  extreme  points  only,  such  as 
0°  and  20°  R.,  and  to  distribute  this  diflFerence  equally  between 
the  intermediate  degrees.  It  also  appeared  to  me  that  the  va- 
riations of  the  thermometer,  at  the  moment  of  its  being  with- 
drawn from  the  acid,  were  proportional  to  the  tensions  of  the 
vapour  at  the  above  temperatures. 

"  It  might  appear  probable  at  first  sight  that,  however  small 
the  quantity  of  vapour  contained  in  the  atmosphere,  there  would 
always  be  a  sufficient  quantity  of  moisture  to  saturate  the  acid 
film  spread  over  the  surface  of  the  bulb,  and  consequently  to 
develope  in  every  case  an  equal  quantity  of  heat.  My  answer 
to  that  objection  is,  that  there  appears  to  exist  a  sort  of  opposi- 
tion between  the  affinity  of  the  acid  for  moisture  and  the  ten- 
dency of  water  to  remain  in  a  state  of  aqueous  vapour,  which 
increases  in  proportion  to  the  dryness  of  the  atmosphere.  It 
follows  that  the  greater  the  quantity  of  moisture  contained  in 
the  atmosphere  the  greater  the  rapidity  with  which  it  will  be 
condensed  by  the  acid,  and  consequently  the  greater  the  heat 
developed.  The  thermometer  in  each  case  will  continue  rising 
until  the  cooling  influence  of  the  surrounding  air  becomes  suffi- 
cient to  neutralize  the  quantity  of  heat  due  to  the  condensation 
of  moisture,  and  the  moment  at  which  that  effect  is  produced 
must  depend  upon  the  greater  or  less  quantity  of  vapour  the 
atmosphere  contains." 

LXIV.    On  the  History  of  the  Second  Law  of  Thermodynamics, 
in  reply  to  Professor  Clausius.     By  Professor  Tait*. 

PROFESSOR  CLAUSIUS  seems  to  forget  that  it  was  he 
who  raised  this  discussion,  and  that  he  used  the  words 
"  Absichtlichkeit,^^  "  sehr  geschickt  abgefasst,"  &c.  Such  lan- 
guage may  amaze  and  amuse ;  it  is  too  reckless  to  produce  irri- 
tation. Does  Professor  Clausius  seriously  suppose  that  Thomson, 
Clerk-Maxwell,and  myself  have  been  deliberately,  by  suppression 
and  by  special  pleading,  attempting  to  deprive  him  of  his  just 
claims  ?  So  desirous  was  I  to  do  him  full  credit  that,  when  he 
(in  correspondence)  objected  to  a  remark  which  is  certainly  in 
substance  correct,  and  which  would  otherwise  have  appeared  in 
my  little  work,  I  requested  a  friend  who  is  thoroughly  acquainted 
with  Professor  Clausius's  pa|)ers  to  rewrite  for  me  the  greater 
part  of  the  pages  bearing  on  them. 

I  am  happy  to  tind  that  Professor  Clausius  has  now  moderated 
his  tone,  and  that  he  does  not  repeat  his  pretensions  to  a  share 
*  Communicated  by  tlic  Author. 
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in  the  Dissipation  of  Energy,  And,  though  I  gladly  comply 
with  his  desire  to  leave  to  future  generations  the  value  of 
"  innere  Arbeit"  and  of  "  Disgregation,"  I  should  much  like  to 
know  in  what  respect  the  former  terra  is  an  improvement  on 
the  name  "  Latent  Heat "  which  was  given  by  the  discoverer 
himself. 

But  I  think  it  would  be  a  pity  to  leave  to  the  future  the  dis- 
cussion of  the  other  pomt  at  issue,  since  so  much  depends  upon 
Professor  Ciausius's  interpretation  of  his  own  words.  The 
question  is,  "  Who  first  correctly  adapted  Carnot's  magnificently 
original  methods  to  the  true  Theory  of  Heat  ?''  Nothing  was 
wanting  for  this  but  a  sound  Axiom  :  the  method  was  already 
provided;  and  the  brothers  Thomson  had  (in  1848  and  1849) 
recalled  it  to  the  attention  of  the  scientific  world  (Professor 
Clausius  included)  by  deducing  from  it  an  absolute  definition 
of  temperature,  and  the  eftect  of  pressure  upon  the  melting- 
points  of  solids. 

Now  it  is  one  thing  to  rush  into  print  with  •\  proof  which 
has  afterwards  to  be  explained  and  patched  up,  and  quite  an- 
other thing  to  wait  till  one  hits  on  a  complete  and  irrefragable 
demonstration. 

The  following  are,  as  far  as  I  can  see,  the  words  to  which 
Professor  Clausius  refers  as  implicitly  containing  his  Axiom, 
which  is  nowhere  explicitly  stated  in  his  first  paper.  They  do 
not  contain  the  phrase  "  von  selbst,"  to  which  he  assigns  so 
important  and  extensive  a  meaning.  "  Durch  Wiederholung 
dieser  beiden  abwechselnden  Processe  konnte  man  also,  ohne 
irgend  einen  Kraftaufwand  oder  eine  andere  Veranderung,  be- 
liebig  viel  Warme  aus  einem  kalten  Korper  in  einen  warmen 
schafl^en,  und  das  widerspricht  dem  sonstigen  Verhalten  der 
Warme,  indem  sie  iiberall  das  Bestreben  zeigt,  vorkommende 
Temperaturdiff"erenzen  auszugleichen  und  also  aus  den  ivdrmeren 
Korpern  in  die  kdlteren  iiberzugehen."  I  still  fail  to  reconcile 
this  with  the  thermoelectric  phenomena  to  which  I  referred,  in 
which  certainly  part  of  the  heat  has  the  very  opposite  "  Bestre- 
ben "  to  that  which  Professor  Clausius  assumed  to  be  universal. 
And  I  think  that  Thomson  has  done  mischief  as  regards  scien- 
tific history,  by  giving  Professor  Clausius  undue  credit,  and 
unwarrantably  representing  these  words  as  containing  the  Axiom, 
"  It  is  impossible  for  a  self-acting  machine,  unaided  by  any  ex- 
ternal agency,  to  convey  heat  from  one  body  to  another  at  a 
higher  temperature."  Moreover  Thomson  is  certainly  mistaken 
when  he  asserts  that  even  this  is  equivalent  to  his  own  Axiom, 

P.S. — I  have  just  seen  the  4th  Heft  of  Poggendorfi'^s  Annalen, 
recently  published.     I  shall  probably  refer  more  in  detail  (on 
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another  occasion)  to  the  extraordinary  statements  there  made  by 
Professor  Wulhu-r.  At  present  I  must  content  myself  with  the 
remark  that  he  does  not  seem  to  have  read  even  Clausius's  paper 
on  Thermoelectricity  ;  for  in  it  Thomson's  priority  as  regards  that 
subject  is  admitted. 


LXV.   On  Electrolysis,  and  the  Passage  of  Electricity  through 
Liquids.     By  G.  Quincke, 

[Continued  from  p.  375.] 

§55. 

IN  liquids  which  are  electrolyzed,  the  quantity  of  electricity 
passing  through  them  consists  of  two  parts.  The  one  consists 
of  the  particles  of  electricity  which  are  given  from  one  molecule 
to  the  adjacent  one,  which  pass  through  the  liquid  with  what  is 
called  metallic  conductivity;  the  other  consists  of  the  particles 
of  electricity  which  are  carried  forward  in  the  liquid  by  material 
molecules*.  Now  the  first  part,  as  compared  with  the  second,  is 
extraordinarily  small — so  much  so,  in  fact,  that  the  very  exist- 
ence of  this  metallic  conductivity  is  often  deniedf.  But  with 
a  sufficient  degree  of  approximation  we  may  regard  as  the  whole 
quantity  of  moving  electricity  that  which,  adhering  to  the  material 
molecules,  moves  simultaneously  with  them. 

If  p  is  the  number  of  molecules  of  salt  contained  in  the  unit 
of  volume  of  the  liquid,  a  and  a'  the  equivalent-weights  of  the 
partial  molecules,  then 

a=pa,     a'=pa', (13) 

and  equations  (8)  pass  into 

*  Conf.  Kohlrausoh  and  Weber,  "  Electrodynamische  Maassbestim- 
mungcn,*'  Abh.  d.  K.  S.  G.  d.  Wissensch.  vol.  v.  p.  272.  Faraday,  Phil. 
Mag.  S.  4.  vol  X.  (1855)  p.  107- 

t  From  the  simple  fact  that  no  substance  is  a  perfect  insulator,  it 
follows  that  all  must  have  some  condvu'ting-])o\ver  of  the  same  kind  as  the 
metals.  No  solid  salt  which  is  not  deconijwsed  by  the  electrical  current  is 
a  complete  insulator;  and  hence,  if  the  o])inion  above  expressed  were 
incorrect,  we  should  have  to  make  the  surprising  assumption  that  the  mere 
change  of  state  of  aggregation  in  one  series  of  compounds  (electrolyzable) 
destroyed  the  ])roj)erty  of  possessing  a  so-called  metallic  coiuluctivity, 
while  in  other  (non-electrolyzable)  compounds  such  a  change  of  the  con- 
ducting-jjower  could  not  occur  (comi)are  "  On  the  Conducting-power  of 
Chloride  of  Lead  and  X-).\ide  of  Lead,"  Buff,  Licbig's  Annalen,  vol.  c.  (185.9) 
p.  285).  It  is  probable  that  Faraday's  law  does  not  hold  w  ith  entire  strict- 
ness ;  but  the  deviations  are  so  small  that  they  lie  far  within  the  limits  of 
unavoidable  errors  of  observation. 
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a 
M' 

a 


(14) 


M 


is  then  the  number  of  partial  molecules  which  pass  to  the 

M' 
cathode,  — ^  the  number  of  partial  molecules  which  pass  to  the 

anode  in  the  unit  of  time.  Each  of  these  particles  is  the  bearer 
of  a  quantity  of  electricity  e  or  e';  and  therefore  through  the  sec- 
tion of  the  thread  of  liquid  there  pass  in  the  unit  of  time  the 
quantities  of  electricity 


a  A, 

a'  \ 


(15) 


According  to  the  sign  of  eor  e'they  may  be  positive  or  negative, 
and  have  in  general  different  magnitudes. 

In  electrical  currents  in  metals  it  is  assumed,  on  the  contrary, 
that  the  same  quantity  of  positive  electricity  flows  in  one  direc- 
tion through  a  detinite  section,  as  of  negative  electricity  in  the 
opposite  direction*.  That, notwithstanding  this,  no  difference  can 
be  perceived t  between  the  action  of  the  same  electrical  current 
whether  it  flows  through  an  electrolyte  or  a  metal,  is  in  com- 
plete accordance  with  other  phenomena — for  instance,  the  dis- 
charge of  the  Leyden  jar,  where  no  difference  is  observed,  whether 
the  quantity  -\-e  flows  in  one  or  —e  in  the  other  direction 
through  the  conductor.  If  i  be  the  intensity  of  the  current  in 
a  metallic  conductor,  this  means  that  through  a  section  of  the 
metal  the  quantity  -\-i  of  positive  electricity  flows  in  one,  and 
—  i  in  the  other  direction  in  the  unit  of  time.  The  whole 
quantity  of  positive  and  negative  electricity  which  traverses  the 
same  section  in  the  unit  of  time  is  therefore  2i.  Hence  the  en- 
tire quantity  of  electricity  carried  in  the  unit  of  time  through 
the  section  of  the  thread  of  liquid  is  =2i,  and  we  have 

M        M'  n 

2i=— e+^e'  =  z-{  (Ce^  +  CV^),    .     .     .     (16a) 
a  a'  K 

where  the  signs  of  e  and  e*  need  not  be  taken  into  account. 
If  from  equations  (13)  and  (14)  the  values  of  M,  M',  and  a, 

*  Kirchhoff,  Pogg.  Jww.  vol.  Ixxviii.  p.  50.9. 

t  Kohlrausch,  Pogg.  Ann.  vol.  xcvii.  (1856)  p.  559. 
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a'  be  substituted  in  equation  (9),  then 

J  =  7  =  '1(C-CV),   ....     (17.) 

where  the  negative  sign  at  -j,  for  the  partial  molecules  liberated 

at  the  anode,  is  omitted. 

tn 

—  is  the  number  of  partial  molecules  separated  at  the  cathode 

in  the  unit  of  time,  each  of  which  is  the  carrier  of  a  quantity 

of  electricity  e.     To  the  metal  of  which  the  cathode  is  formed 

m 
the  quantity  of  electricity  Q=  —  e   is  thereby   communicated. 

fry 

In  like  manner,  to  the  metal  of  the  anode,  from  the  —  partial 

7/1 

molecules  separated  at  it,  the  quantity  of  electricity  Q'=—  e'  will 
be  given  up  ;  and  we  have 


Q='^e  =  i^  (C6-C'e')e, 
tt  A. 

0.  A 


.     (18fl) 


These  quantities  of  electricity,  again,  according  to  the  sign  of  e 
or  e'  may  be  either  positive  or  negative. 

If  J  be  the  intensity  of  the  current  in  the  metal  wire  which 
carries  the  electrical  current  either  to  or  from  the  liquid,  from 
the  remarks  at  the  commencement  of  this  section  the  increase 
of  electricity  which  the  first  section  of  the  metallic  cathode  plate 
experiences  in  the  unit  of  time  is  =  —2 J,  and  the  increase  of  the 
last  section  of  the  metal  anode  plate  is  =  +2J. 

If  there  be  no  accumulation  of  free  electricity  in  these  metal 
electrodes,  then  must 

Q-2J  =  0,     Q'  +  2J  =  0.        .     .     .     (19fl) 

In  this  reasoning  it  is  assumed  that  entire  molecules  of  one 
salt  only  are  decomposed.  If  several  salts  and  at  the  same  time 
the  solvent  are  decomposed,  we  have,  instead  of  equations  (16fl), 
(17a),  (18a),  and  (19a),  if  we  discriminate  the  various  constants 
for  the  different  decomposed  substances  by  the  index  r,  the  more 
general  equations 

(M  W       \ 

-'e,  +  t_V.j  =  ^S.;j,(C,e^  +  CVO.  •     (16) 
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~  =  "cf  =  iPr'^^rer-C\^;), (17) 


a  -  A. 


(18) 


2,Q,=2J,     2,Q',=  -2J, (19) 

where  the  Sr  are  to  be  extended  to  all  the  r  various  chemical 
compounds  which  are  simultaneously  decomposed  in  the  liquid. 
These  equations  hold  even  if  a  complete  molecule  of  a  chemical 
compound  is  not  decomposed  by  the  electrical  current.  If  we 
designate  by  p  the  corresponding  value  of  r  for  a  complete  mo- 
leculcj  we  have,  since  both  partial  molecules  must  move  with  the 
same  velocity,  according  to  equation  (7), 

Cp6,  =  CV6',; (20) 

or  the  two  magnitudes  e^  and  e'p  must  have  the  same  sign. 
From  equations  (20),  (14),  and  (17)  we  get  then 

a         a'         a„       a' 

p  p         p  p 

As,  moreover,  in  every  volume  of  the  whole  liquid  there  must  be 
equal  quantities  of  positive  and  negative  electricity, 

XrPr{er+er)=0, (21) 

where  the  sum  is  to  be  extended  to  all  the  r  substances  or  salts 
present  in  the  liquid,  to  those  even  whose  total  molecules  are  not 
decomposed. 

If  the  intensity  of  the  current  in  the  column  of  liquid  is  the 
same  as  in  the  metallic  part  of  the  conduction,  as  experiment 
shows  (compare  §  69),  then 

i=J (22) 

When  the  same  current  is  sent  through  several  liquids  adjacent 
to  one  another  so  that  it  traverses  one  liquid  after  the  other,  no 
free  molecules  appear  at  the  boundary  of  the  various  electrolytes, 
provided  the  partial  molecules  liberated  at  the  cathode  of  one 
liquid  can  again  form  a  chemical  compound  with  those  liberated 
at  the  anode  of  the  adjacent  liquid. 

From  this  follows  Faraday's  celebrated  electrolytic  law*,  that 
the  number  of  equivalents  (partial  molecules)  liberated  at  the 
electrodes  in  the  unit  of  time  is  a  measure  for  the  quantity  of 

*  Faraday,  Experimental  Researches,  §  377,  pp.  504  &  505,  783  et  seqq. 
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electricity  which  has  Howed  in  the  same  time  through  the  con- 
ductor, a  measure  for  the  intensity  of  tlie  current*. 

This  law  holds  also  when  several  substances  are  simultaneously 
decomposed  in  a  liquid.  Hence,  if  the  unit  of  current-inten- 
sity be  suitably  chosen, 


\^^=i> (23) 

luation  (17),  which  holds  also  if  the 

X=^MC^e-a^^,) (24) 

(25) 


or,  taking  into  account  equation  (17),  which  holds  also  if  the 
sums  of  all  the  r  are  taken. 

Putting 

\—P'i{^'2^'2~  ^  2^2)? 


Xr=Pr{Crer-C'r^;), 

X,,  \,  ...  X,^  would  denote  the  partial  specific  conductivity  of 
the  1st,  2nd,  and  rth  chemical  compound  contained  in  the  liquid, 
and 

\  =  X^  +  \+  ...\ (26) 

The  specific  conductivity  of  the  whole  liquid  is  equal  to  the  sum 
of  the  partial  specific  conductivities  of  the  individual  constituents. 
From  equations  (25)  and  (17)  it  follows 

^=i^,    !^^=ih.,,!^=i^,     .    .    .    (27) 

a^         X       Qci        X  a^         X  ^     ' 

that  is,  of  the  individual  constituents  of  the  whole  liquid,  a  dif- 
ferent number  of  equivalents  is  decomposed,  according  to  the 
ratio  of  the  partial  conductivity  of  the  individual  constituents  to 
the  specific  conductivity  of  the  entire  liquid. 

§56. 

On  the  ordinary  view  of  electrolysis,  and  also  in  the  conception 
here  discussed,  the  electrical  current,  if  not  entirely,  yet  princi- 
pally depends  on  those  particles  of  electricity  which,  supported 
by   the   material   molecules,  move  simultaneously  with   these ; 

*  The  exceptions  to  this  law,  for  instance  the  liberation  of  two  equiva- 
lents of  copper  (Mutteucci,  Bibl.  Univ.  vol.  xxi.;  Becquerel,  Ann.  de 
Chim.  S.  .'3.  vol.  xi.  j).  Hi'i;  Majjnus,  Pogjg.  A7in.  vol.  cii.  IH.")/,  p.  41  j 
liiitt",  Liehig's  Ann.  vol.  ex.  18.0!>,  p.  2()H),  or  half  an  equivalent  of  tin 
(Ilittorf,  Po};f^.  Ann.  vol.  cvi.  ]HF>9,  j).  ;-JI)7),  to  one  equivalent  of  silver, 
are  only  ai)piiieiit,  and  mostly  (Ifpt-ud  upon  secondary  chemical  action,  the 
reduction  of  metal  by  one  equivalent  of  hydrogen. 
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thus,  in  spite  of  this  difference  in  the  mode  of  conduction,  the 
electrolytes  must  be  subject  to  the  same  laws  of  the  distribution 
of  the  current  as  the  metals.  Hence  both  Ohm^s  law  and 
Kirchhoff's  propositions  on  derived  currents  must  hold,  and  the 
potential  of  free  electricity  in  the  case  of  a  linear  conductor  must 
be  constant  within  the  same  section. 

Ohm's  law  has  been  so  much  tested  for  electrolyzable  liquids 
with  an  undivided  circuit  that  it  can  be  taken  as  sufficiently 
proved. 

Yet  in  one  particular  case  the  laws  of  divided  circuits  seem 
to  experience  an  exception.  PoggendorfF*  found  that  the  resist- 
ance of  a  very  thin  platinum  wire  stretched  in  the  axis  of  a  ver- 
tical glass  cylinder  of  3^  inches  diameter  was  unaltered  when 
this  cylinder  was  filled  to  a  height  of  &^  inches  with  dilute  sul- 
phuric acid.  There  was  no  trace  of  a  lateral  extension,  or  of  a 
division  of  the  current  between  the  metal  and  the  liquid. 

Jacobi  subsequently  t  made  similar  experiments  with  German- 
silver  or  platinum  wires  which  were  stretched  on  a  wooden 
trough  20  inches  long  by  3|  broad  and  4  high,  lined  with  ma- 
rine glue.  In  one  case_,  when  the  trough  was  filled  with  sulphate 
of  copper,  a  very  slight  diminution  of  the  resistance  of  the  Ger- 
man silver  wire  was  observed  by  the  aid  of  Wheatstone's  bridge  ; 
in  another  experiment  with  German-silver  wire  and  platinum 
wire  a  diminution  of  the  resistance  could  not  be  detected  by  the 
same  method  ;  on  the  other  hand,  at  the  end  of  the  German-silver 
wire  towards  the  negative  pole  of  the  circuit  there  was  a  depo- 
sition of  copper,  while  at  the  other  end  the  wire  was  attacked 
and  even  eaten  through.  The  deposition  of  copper  and  the  cor- 
rosion were  strongest  at  the  ends.  The  platinum  wire  showed 
only  a  trace  of  a  copper  precipitate  at  the  end  turned  towards 
the  negative  pole. 

It  has  therefore  been  supposed,  and  Wiedemann  has  also  ex- 
pressed the  idea  J,  that  this  apparent  irregularity  in  the  division 
of  the  current  between  wire  and  liquid  has  its  origin  in  a  pola- 
rization at  the  limit  of  metal  and  liquid,  produced  by  the  electro- 
chemical decomposition  of  the  liquid,  and  that,  when  this  pola- 
rization is  wanting,  part  of  the  electric  current  actually  does 
flow  through  the  liquid. 

The  following  experiments  have  confirmed  this  supposition. 

A  glass  trough,  442  millims.  in  length, 60*6  millims.  in  breadth, 
and62*5millims.  in  height,  was  constructed  of  plate  glass  cemented 
with  sealing-wax.  In  the  middle  of  the  bottom-plate  a  platinum 
wire   of  the   same  length   and  0-076  millim.  in  diameter  was 

*   Pogg.  Ann.  vol.  Ixiv.  p.  54  (1845). 

t  Ibid.  vol.  Ixix.p.  181(1846). 

X  Wiedemann,  Galvanismus,  vol.  i.  p.  138. 
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stretched,  passing  through  the  sealing-wax  cement  of  the  smaller 
sides  of  the  trough  to  mercury-cups  which  were  attached  to  the 
outside  of  the  trough.  By  means  of  a  Wheatstone's  bridge  the 
resistance  of  this  platinum  wire  was  compared  with  the  resistance 
of  a  German-silver  wire  of  almost  the  same  dimensions  and  at  a 
constant  temperature.  A  very  homogeneous  brass  wire  1000 
millims.  in  length  and  0*32  raillim.  in  diameter  served  as  mea- 
suring-wire. The  current  of  a  Grove's  battery  of  seven  pairs  was 
passed  through  the  divided  circuit  as  long  as  was  necessary  for 
observing  a  deflection  on  the  reflecting  galvanometer ;  and  the 
disturbing  influence  of  thermocurrents  was  avoided  by  alter- 
nating observations  with  opposite  direction  of  the  principal  cur- 
rent of  the  battery. 

With  this  apparatus  the  resistance  P  of  the  platinum  wire 
could  be  compared  with  that  of  the  German-silver  wire,  known 
in  mercury  units,  with  accuracy  to  about  one  5000th  part. 

The  resistance  was  found  to  be 

P  =  16-207  m.  u.,  or  P=16-204<  m.  u. 

at  14°'4  C,  according  as  the  glass  trough  was  full  of  air,  or  was 
filled  with  dilute  sulphuric  acid  of  the  specific  gravity  1*16  to  a 
height  of  49  millims.  These  numbers  may  be  regarded  as  equal, 
taking  into  account  the  difiiculty  of  maintaining  at  the  same 
temperature  the  wire  and  the  dilute  sulphuric  acid. 

In  another  series  of  experiments  the  resistance  of  the  plati- 
num wire  was  determined  in  air,  then  after  the  trough  had  been 
filled  to  a  height  of  47"3  millims.  with  dilute  sulphuric  acid  of 
the  specific  gravity  1*109,  and  finally  after  the  dilute  sulphuric 
acid  had  been  removed  from  the  trough  by  means  of  a  siphon. 

These  three  determinations  at  15°'6  C.  gave 

P=16-280  m.  u.,     16-278  m.  u.,  and  16-278  m.  u. 

We  see  thus  that  the  resistance  of  platinum  wire  remains  un- 
changed whether  there  is  air  or  dilute  sulphuric  acid  in  the  glass 
trough.  The  same  result  was  obtained  when  the  resistance  was 
determined  on  first  closing  the  current  after  the  sulphuric  acid 
had  been  poured  in. 

The  reason  is,  the  immediate  polarization  of  the  platinum 
wire,  the  liberation  of  oxygen  and  hydrogen  by  the  currents 
which  branch  off  from  the  wire  into  the  liquid. 

Let  A  be  the  end  of  the  platinum  wire  where  the  electrical 
current  enters,  B  the  end  where  the  current  emerges.  After  the 
current  had  passed  for  some  time  through  the  platinum  wire, 
contact  was  broken  and  a  freshly  ignited  platinum  wire,  C,  was 
dij)ped  in  the  sulphuric  acid  near  the  end  A  or  B  of  the  other 
wire.  If  the  freshly  ignited  wire  and  the  horizontal  one  in  the 
glass  trough  were  then  connected  by  the  wire  of  a  delicate  gal- 
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vanometer,  a  current  was  observed  the  direction  of  which  in 
the  hquid  was  from  the  ignited  platinum  wire  C  to  the  end  A, 
or  from  the  end  B  to  the  ignited  platinum  wire  C.  The  ends 
A  and  B  of  the  long  platinum  wire  behaved  thus  towards  the 
freshly  ignited  wire  C  like  platinum  wires  the  surfaces  of  which 
are  covered  with  oxygen  and  hydrogen. 

If  the  long  platinum  wire  of  the  glass  trough  was  replaced  by 
a  copper  wire  of  the  same  length  and  0'08  millim.  in  diameter, 
and  instead  of  the  dilute  sulphuric  acid  a  concentrated  solution 
of  pure  sulphate  of  copper  was  used,  the  polarization  at  the  boun- 
dary of  the  metal  and  the  liquid  was  intiuitely  small ;  and  now, 
when  the  solution  of  sulphate  of  copper  was  poured  in,  there  was 
a  diminution  in  the  resistance  of  the  copper  wire.  The  resist- 
ance K  of  the  copper  wire  was  again  compared,  as  described 
above,  with  the  almost  equal  resistance  of  a  German-silver  wire, 
and  was  found  to  be,  at  15°"5  C, 

K  =  2-783  m.  u.,  or  2-728  m.  u., 

according  as  the  glass  trough  was  filled  with  air,  or  to  the  height 
of  50  millims.  with  a  sulphate-of-copper  solution. 

After  the  curi-ent  of  a  Grove's  battery  of  six  elements  had  been 
passed  for  about  an  hour  through  the  copper  wire  while  surrounded 
by  solution  of  sulphate  of  copper,  the  end  A,  where  the  cun-ent 
entered,  close  to  the  inside  of  the  glass  trough  was  eaten  away, 
while  the  end  B,  where  the  current  emerged,  was  coated  with 
freshly  precipitated  copper.  In  the  middle  the  copper  wire  was 
of  the  original  thickness;  towards  the  end  A  it  was  thinner,  and 
towards  B  thicker.  The  decrease  or  increase  was  greater  the 
nearer  the  part  of  the  wire  was  to  the  end  A  or  B,  and  the  dia- 
meter of  the  wire  at  B  was  now  0'104  millim. 

It  follows  from  these  experiments  that  an  electrical  current 
divides  between  metallic  and  liquid  (electrolyzable)  conductors, 
as  Kirchhoff 's  laws  require,  and  that  in  many  cases  the  polari- 
zation produced  by  electrolysis  causes  only  an  apparent  excep- 
tion from  this  rule. 

[To  be  continued.] 

LXVI.  Water- Analysis  and  Water.  5?/ J.  Alfred  Wanklyn, 
Corresponding  Member  of  the  Royal  Bavarian  Academy  of 
Sciences^. 

THE  "ammonia  process''  of  water-analysis  which  was 
brought  out  five  years  ago  by  Chapman,  Smith,  and  my- 
self, has  now  become  of  sufficient  importance  to  repay  a  minute 
examination  into  its  validity  and  special  characteristics.     Not 

*  Communicated  by  the  Author. 
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alone  is  the  process  applicable  to  drinkinj^-water,  but  Dr.  Angus 
Suulli  has  used  it  in  a  most  elaborate  investigation  of  the  atmo- 
sphere, and  Dr.  Ransome  in  investigating  the  breath  in  different 
diseases  ;  and  I  have  in  view  a  very  wide  and  general  use  of  it 
in  physiological  chemistry. 

The  "ammonia  process"  consists  in  oxidizing  organic  sub- 
stances in  a  strongly  alkaline  solution,  and  measuring  the  am- 
monia yielded  by  oxidation  under  such  conditions. 

The  oxidizing  agent  hitherto  employed  by  us  in  working  the 
process  has  been  permanganate  of  potash,  which  is  very  conve- 
nient and  manageable,  and  has  the  great  advantage  of  not  at- 
tacking the  ammonia  which  is  produced.  An  investigation  of 
the  action  of  other  oxidizing  agents  in  alkaline  solution  would 
repay  the  trouble  of  making  it,  and  may  possibly  be  undertaken 
at  some  future  time. 

We  have  submitted  a  large  number  of  nitrogenous  organic 
substances,  exhibiting  the  utmost  diversity  of  structure,  to  the 
action  of  strongly  alkaline  permanganate,  and  obtained  ammonia 
as  a  product  of  the  action.  Quoting  from  a  paper  published  by 
the  Chemical  Society  {vide  Journ.  Chem.  Soc.  ser.  2,  vol.  vi. 
p.  170),  "The  compound  ammonias  of  all  kinds,  the  amides 
of  the  acids,  such  substances  as  piperine,  hippuric  acid,  creatine, 
the  natural  alkaloids,  albumen,  gelatine,  and  uric  acid  evolve 
ammonia  when  treated  in  this  way.  Even  so  tough  a  substance 
as  picoline,  which,  as  is  well  known,  is  one  of  the  most  stub- 
born of  organic  compounds,  yields  ammonia  when  subjected  to 
this  treatment." 

An  elaborate  investigation  carried  out  with  the  express 
object  of  ascertaining  if  there  were  organic  compounds  con- 
taining nitrogen  which  yield  no  ammonia  on  boiling  with  the 
permanganate  in  alkaline  solution,  has  given  the  following  re- 
sults : — 

Nitro-compounds  do  not  yield  their  nitrogen  in  the  form 
of  ammonia  in  this  reaction.  That  such  would  be  the  case 
might  almost  have  been  concluded  a  priori ;  for  an  oxidation 
is  not  calculated  to  convert  nitric  oxides  into  ammonia.  Jt 
is  satisfactory,  however,  to  have  direct  experimental  evidence. 
The  case  investigated  was  picric  acid,  wliich  gave  nitric  acid  on 
treatment  with  tlie  permanganate,  but  no  ammonia,  Ferrocy- 
anide  of  potassium  failed  to  give  ammonia,  probably  in  virtue  of 
its  extreme  toughness.  Urea  failed  to  give  ammonia  on  oxida- 
tion in  alkaline  solution  of  permanganate.  These  were  the  only 
cases  wherein  organic  nitrogenous  substances  failed  to  give  am- 
monia on  being  boiled  witii  permanganate  of  potash.  The  case 
of  urea  is  particularly  interesting.  On  inspection  of  its  formula, 
it  will  be  perceived  that  it  contains  less  hydrogen   than  is  re- 


Mr.  J.  A.  Wanklyn  on  Water -Analysis  and  Water.        527 

quired  to  supply  the  whole  of  its  nitrogen  with  sufficient  hydro- 
gen to  form  ammonia.  By  assimilation  of  water  it  yields 
ammonia  and  carbonic  acid;  but  by  assimilation  of  oxygen  it 
could  not  possibly  yield  up  more  than  half  of  its  nitrogen  m  the 
shape  of  ammonia,  and,  as  I  have  said,  has  been  found  experi- 
mentally to  yield  up  absolutely  none  as  ammonia. 

In  dealing  with  urea  there  is  no  difficulty  in  making  it  take 
up  the  elements  of  water  and  evolve  all  its  nitrogen  in  the  form 
of  ammonia.  This  may  be  very  conveniently  accomplished  by 
maintaining  it  for  a  short  time  at  a  temperature  of  ISC^  C.  in 
contact  with  caustic  potash.  Now  this  peculiar  character — to 
yield  up  nitrogen  in  the  form  of  ammonia  on  heating  to  150°  C. 
with  caustic  alkali,  and  not  to  yield  up  nitrogen  as  ammonia 
when  oxidized — appears  to  pertain  exclusively  to  urea.  Not 
only  doea/ree  urea  exhibit  this  character,  but  coupled  urea  shows 
it  also  J  thus  creatine,  which  is  urea  coupled  with  sarcosine, 
yields  only  the  ammonia  arising  from  the  sarcosine  when  it  is 
oxidized  by  alkaline  permanganate,  yielding  the  ammonia  fi'om 
its  urea  only  on  treatment  with  alkali. 

Reasoning  from  this  behaviour  of  coupled  urea,  I  have  been 
led  to  the  interesting  conclusion  that  albumen,  caseine,  and 
fibrine  are  coupled  ureas,  but  that  gelatine  is  not  a  coupled 
urea. 

Although  all  nitrogenous  organic  compounds,  with  the  ex- 
ception of  uitro-compounds,  ferrocyannides,  and  urea,  yield  am- 
monia to  alkaline  permanganate,  yet  many  nitrogenous  organic 
compounds  do  not  yield  their  total  nitrogen  in  the  form  of  am- 
monia. The  natural  alkaloids,  as  for  example  morphia,  often 
give  up  half  of  the  nitrogen  as  ammonia,  as  is  also  the  case  with 
naphthylamine  and  toluidine. 

From  100  grms.  of  albuminous  substances  about  10  grms. 
are  obtained  by  means  of  alkaline  permanganate. 

When  my  colleagues  and  I  first  directed  our  attention  to  the 
subject  of  water,  we  endeavoured  to  pi-ovide  a  test  which  should 
not  fail  to  recognize  germs  by  their  chemical  characters — a  test 
which  could  not  fail  to  distinguish  between  water  that  was  pure 
and  water  that  was  charged  with  germs.  With  this  object  in 
view,  we  selected  egg-albumen  as  the  representative  of  germs, 
and  then  sought  for  the  most  accurate  and  convenient  method 
of  measuring  the  strength  of  excessively  dilute  solutions  of  it. 

How  accurately  the  ammonia  pi'ocess  effects  this  object  may 
be  judged  of  by  the  following  examples,  which  I  quote  from  a 
paper  of  mine  published  by  the  Chemical  Society  in  the  year 
1867. 
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Moist  white  of  egg. 

Ammonia  found. 

Ammonia  calculated, 

milligrammes. 

milligrammes. 

milligrammes. 

i.     17-69 

0-210 

0-214 

ii.     17-58 

0-213 

0-2127 

iii.     41-80 

0-505 

0-5058 

iv.     27-87 

0-350 

0-337 

V.     12-20 

0-145 

0-1476 

vi.       7-47 

0-095 

0-0904 

vii.     23-065 

0-275 

0-279 

The  "  moist  white  of  egg  "  used  in  these  experiments  was 
prepared  and  divided  in  this  way  : — The  egg-shell  having  been 
broken  and  the  white  separated  from  the  yelk  by  mechanical 
means,  a  quantity  of  the  white  (without  any  drying)  was  weighed 
out  and  dissolved  in  water  to  which  a  little  carbonate  of  soda 
had  been  added.  To  the  solution  sufficient  water  was  added 
until  the  weight  of  the  whole  solution  was  equal  to  one  hundred 
times  the  weight  of  the  white  of  egg  originally  taken.  In  this 
manner  a  solution,  whereof  one  part  by  weight  contained  one 
hundredth  of  white  of  egg,  was  prepared.  The  weighed  quan- 
tity of  the  solution  was  placed  in  a  retort  containing  400  cubic 
centimetres  of  carefully  purified  water,  and  submitted  to  the  action 
of  the  permanganate. 

In  the  above  experiments  it  will  be  observed  that  the  smallest 
quantity  operated  upon  was  7*47  milligrammes,  equal  to  about 
1  milligramme  of  dry  albumen.  The  largest  quantity  was  about 
6  milligrammes  of  dry  albumen. 

I  have  no  hesitation  in  saying  that  by  the  ammonia  process 
there  is  no  difficulty  in  measuring  1  milligramme  of  dry  albu- 
men in  a  litre  of  water  with  considerable  accuracy  ;  and  there  is 
certainly  no  difficulty  in  detecting  ^^  milligramme  of  dry 
albumen  in  a  litre  of  water. 

With  what  substances  does  the  ammonia  process  confound 
albumen  ?  With  every  description  of  organic  nitrogenous  sub- 
stance that  water  contains  ;  with  the  exception  of  urea. 

We  have  named  the  ammonia  generated  by  the  action  of 
permanganate  "albuminoid  ammonia,"  adopting  a  technical 
term  based  upon  the  history  of  our  research,  and  we  hope  that 
the  name  may  be  preserved. 

One  of  the  points  to  which  attention  has  not  been  called  in 
the  various  controversies  which  have  arisen,  is  the  fact  that  there 
is  no  danger  of  nitrates  being  confounded  with  albumen  by  the 
ammonia  process.  This  is  of  more  importance  than  might  seem 
at  first  sight,  inasmuch  as  it  is  no  uncommon  thing  for  a  sample 
of  natural  water  to  contain  ten  or  twenty  times  as  much  nitrates 
as  organic  nitrogenous  matter.  The  consideration  that  the  pro- 
cess by  which  the  ammonia  is  obtained  is  an  oxidizing  process — 
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backed  up,  as  it  is,  by  tiic  direct  experiment  on  the  action  of 
alkaline  permanganate  0:1  ])icricacid;  in  which  there  was  no  pro- 
duction of  ammonia,  and  by  tiie  general  observation  that  sam- 
ples of  water  sometimes  contain  \cx\  little  organic  nitrogenous 
matter  and  very  much  nitrates — is  decisive  against  there  being 
any  risk  of  confounding  nitrates  with  albumen. 

In  making  a  resume  of  the  main  results  of  an  extended  appli- 
cation of  the  new  method  of  analysis,  I  have  to  note  the  fact  of 
the  extraordinary  pi.rity  of  natural  water.  Instead  of  about  a 
grain  per  gallon  of  organic  nitrogenous  matter  (as  indeed  seemed 
not  unlikely  from  the  older  results  obtained  by  incinerating 
water-residues),  the  usual  proportion  of  nitrogenous  organic 
matter  does  not  amount  to  so  much  as  y'^  grain  per  gallon,  the 
"  albuminoid  ammonia  "  being  some  006  or  0'07  parts  per  mil- 
lion. By  filtration,  either  through  a  filter  of  sand  and  charcoal 
or  naturally  through  porous  strata,  water  attains  to  exquisite 
purity. 

The  following  results  illustrate  these  facts.     In  cne  litre  : — 

Milligrammes  of  albu- 
minoid ammonia. 

New  River,  London 0*05 

Thames,  West  Middlesex  Co.,  London  0'03 
Woodhead  water,  ^lanchcster  .  .  0*07 
Edinburgh  water-supply  ....  0'07 
Glasgow,  from  Loch  Katrine  .     .     .     0"08 

Chester,  from  Dee 0-06 

Scarborough 000 

Spring,  from  Grecnsand     ....  000 

Caterham,  Kent O'OO 

Kent  Water  Co.  . 0-02 

Somersetshire 0*01 

Guildford,  Surrey 0-01 

Carefully  tiltered  water       ....  O'Ol 
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Feb.  15,  1872. — George  Biddell  i\iry,  C.B.,  President,  succeeded 
by  Mr.  C.  B.  Algnoles  (as  Deputy  appointed  by  the  President),  in 
the  Chair. 

THE  following  communication  was  read  : — 
"  On  the  Induction  of  Electric  Currents  in  an  Infinite  Plane 
Sheet  of  uniform  conductivity."      By  Prof.  J.  Clerk  Maxwell,  F.R.S. 
1.  When,  on  account  of  the  motion  or  the  change  of  strength 
Phil.  May.  S.  4.  No.  289.  Snppl  Vol.  43.  2  M 
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of  any  magnet  or  electromagnet,  a  change  takes  place  in  the  mag- 
netic field,  electromotive  forces  are  called  into  jday ;  and  if  the 
material  in  whicli  they  act  is  a  conductor,  electric  currents  are  pro- 
duced. This  is  the  phenomenon  of  the  induction  of  electric  currents, 
discovered  hy  Faraday. 

I  propose  to  investigate  the  case  in  which  the  conducting  suhstance 
is  in  the  form  of  a  thin  stratum  or  sheet,  hounded  hy  parallel  planes^ 
and  of  indefinite  extent.  A  system  of  magnets  or  electromagnets  is 
supposed  to  exist  on  the  positive  side  of  this  sheet,  and  to  vary  in  any 
way  hy  changing  its  position  or  its  intensity.  We  have  to  determine 
the  nature  of  the  currents  induced  in  the  she(^,  and  their  magnetic 
effect  at  any  point,  and  in  particular  their  reaction  on  the  electro- 
magnetic system  which  gave  rise  to  them.  The  induced  currents  are 
due,  partly  to  the  direct  action  of  the  external  system,  and  partly  to 
their  mutual  inductive  action ;  so  that  the  problem  appears,  at  first 
sight,  somewhat  difficult. 

2.  The  result  of  the  investigation,  however,  may  be  presented  in 
a  remarkably  simple  form,  by  the  aid  of  the  principle  of  images, 
which  was  first  applied  to  problems  in  electricity  and  hydrokinetics  by 
SirW.  Thomson.  The  essential  part  of  this  principle  is,  that  we  con- 
ceive the  state  of  things  on  the  positive  side  of  a  certain  closed  or 
infinite  surface  (which  is  really  caused  by  actions  having  their  seat 
on  that  surface)  to  be  due  to  an  imaginary  system  on  the  negative 
side  of  the  surface,  which,  if  it  existed,  and  if  the  action  of  th.e  sur- 
face were  abolished,  would  give  rise  to  the  actual  state  of  things  in 
the  space  on  the  positive  side  of  the  surface. 

The  state  of  things  on  the  positive  side  of  the  surface  is  expressed 
by  a  mathematical  function,  which  is  different  in  form  from  that 
which  expresses  the  state  of  things  on  the  negative  side,  but  which  is 
identical  with  that  which  would  be  due  to  the  existence,  on  the  nega- 
tive side,  of  a  certain  system  which  is  called  the  Image. 

The  image,  therefore,  is  what  we  should  arrive  at  by  jn'oducinff, 
as  it  were,  the  mathematical  function  as  far  as  it  will  go — ^just  as,  in 
optics,  the  virtual  image  is  found  by  producing  the  rays,  in  straight 
lines,  backwards  from  the  place  where  their  direction  has  been  altered 
by  reflexion  or  refraction. 

3.  The  position  of  tlie  image  of  a  point  in  a  plane  surface  is  found 
by  drawing  a  perpendicular  from  the  point  to  the  surface  and  pro- 
ducing it  to  an  equal  distance  on  the  other  side  of  the  surface.  If 
the  image  is  of  the  same  sign  as  the  point,  as  it  is  in  hydrokinetics 
when  the  surface  is  a  rigid  plane,  it  is  called  a  ])ositive  image.  If  it 
is  of  the  opposite  sign,  as  in  statical  electricity,  when  the  surface  is 
a  conductor,  it  is  called  a  negative  image.  The  image  of  a  conduct- 
ing circuit  is  reckoned  positive  when  the  electric  current  flows  in 
the  corresponding  directions  through  corresponding  parts  of  the  ob- 
ject and  the  innige.  The  image  is  reckoned  negative  when  the  direc- 
tion of  the  current  is  reversed. 

In  the  case  of  the  ])laue  conducting  sheet,  the  imaginary  system 
on  the  negative  side  of  the  slieet  is  not  the  simple  image,  positive 
or  negative,  of  the  real  magnet  or  electromagnet  on  the  positive 
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side,  but  consists  of  a  moving  train  of  images,  the  nature  of  which 
we  now  proceed  to  define. 

4.  Let  the  electric  resistance  of  a  rectangular  portion  of  the  sheet 
whose  length  is  a,  and  whose  breadth  is  "Iwa,  be  R. 

R  is  to  be  measured  on  the  electromagnetic  system,  and  is  there- 
fore a  velocity,  the  value  of  which  is  independent  of  the  magnitude 
of  the  line  a.  (If  ^  denotes  the  specific  resistance  of  the  material  of 
the  sheet  for  a  unit  cube,  and  if  c  is  the  thickness  of  the  sheet,  then 

R^  ,5 — ;  and  if  <7  denotes  the  specific  resistance  of  the  sheet  for 

a  unit  (or  any  other)  square,  11=  — .) 

5.  Let  us  hegin  hy  dividing  the  time  ^ 
into  a  number  of  equal  intervals,  each         ,.••'* 
equal  to  It.    The  smaller  we  take  these 

intervals  the  more  accurate  will  be  the 
definition  of  the  train  of  images  which 
we  shall  now  describe, 

6.  At  a  given  time  t,  let  a  positive 
image  of  the  magnet  or  electromagnet 
be  formed  on  the  negative  side  of  the 
sheet. 

As  soon  as  it  is  formed,  let  this  image 
begin  to  move  away  from  the  sheet  in 
the  direction  of  the  normal,  with  the 
velocity  R,  its  form  and  intensity  re- 
maining constantly  the  same  as  that 
which  the  magnet  had  at  the  time  t. 

After  an  interval  ct  (that  is  to  say,  at  the  time  t-\-ct)\ci  a  nega- 
tive image,  equal  in  magnitude  and  ojiposite  in  sign  to  this  positive 
image,  be  formed  in  the  original  position  of  the  positive  image,  and 
let  it  then  begin  to  move  along  the  normal,  after  the  positive  image, 
with  the  velocity  R.  The  interval  of  time  between  the  arrival  of  these 
images  at  any  point  will  be  It,  and  the  distance  between  correspond- 
ing points  will  be  RS^ 

7.  Leaving  this  pair  of  images  to  pursue  their  endless  journej', 
let  us  attend  to  the  real  magnet,  or  electromagnet,  as  it  is  at  the  time 
t-\-lt.  At  this  instant  let  a  new  positive  image  be  formed  of  the 
magnet  in  its  new  ])osition,  and  let  this  image  also  travel  in  the  di- 
rection of  the  normal  with  the  velocity  R,  and  be  followed  after  an 
interval  of  time  It  by  a  corresponding  negative  image.  Let  these 
operations  be  repeated  at  equal  intervals  of  time,  each  of  these  in- 
tervals being  equal  to  c^^. 

8.  Thus  at  any  given  instant  there  will  be  a  train  or  trail  of 
images,  beginning  with  a  single  positive  image,  and  followed  by  an 
endless  succession  of  pairs  of  images.  This  trail,  when  once  formed, 
continues  unchangeable  in  form  and  intensity,  and  moves  as  a  whole 
away  from  the  conducting  sheet  with  the  constant  velocity  R. 

9.  If  we  now  suppose  the  interval  of  time  It  to  be  diminished 
without  limit,  and  the  train  to  be  extended  without  limit  in  the  ne- 
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f^ative  direction,  so  as  to  iiioluile  all  the  images  which  have  been 
formed  in  all  past  time,  the  magnetic  effect  of  this  imaginary  train 
at  any  point  on  the  ])Ositive  side  of  the  conducting  sheet  will  be 
identical  with  that  of  the  electric  currents  which  actually  exist  in 
the  sheet. 

Before  proceeding  to  prove  this  statement,  let  us  take  notice  of  the 
form  which  it  assumes  in  certain  cases. 

10.  Let  us  suppose  the  real  system  to  be  an  electromagnet,  and 
that  its  intensity,  originally  zero,  suddenly  becomes  I,  and  then  re- 
mains constant.  At  this  instant  a  positive  image  is  formed,  which 
begins  to  travel  along  the  normal  with  velocity  R.  After  an  interval 
ct  another  positive  image  is  formed  ;  but  at  the  same  instant  a 
second  negative  image  is  formed  at  the  same  place,  which  exactly 
neutralizes  its  effect.  Hence  the  result  is,  that  a  single  positive 
image  travels  by  itself  along  the  normal  with  velocity  R.  The  mag- 
netic effect  of  this  image  on  the  positive  side  of  the  sheet  is  equivalent 
to  that  of  the  currents  of  induction  actually  existing  in  the  sheet ;  and 
the  diminution  of  this  effect,  as  the  image  moves  away  from  the  sheet, 
accurately  represents  the  effect  of  the  currents  of  induction,  which 
gradually  decay  on  account  of  the  resistance  of  the  sheet.  After 
a  sufficient  time,  the  image  is  so  distant  that  its  effects  are  no  longer 
sensible  on  the  positive  side  of  the  sheet.  If  the  current  of  the 
electromagnet  be  now  broken,  there  will  be  no  more  images  ;  but  the 
last  negative  image  of  the  train  will  be  left  unneutralized,  and  will 
move  away  from  the  sheet  with  velocity  R.  The  currents  in  the 
sheet  will  therefore  be  of  the  same  magnitude  as  those  which  fol- 
lowed the  excitement  of  the  electromagnet,  but  in  the  opposite  di- 
rection. 

11.  It  appears  from  this  that,  when  the  electromagnet  is  increasing 
in  intensity,  it  will  be  acted  on  by  a  rcpidsive  force  from  the  sheet ; 
and  when  its  intensity  is  diminishing,  it  will  be  attracted  towards  the 
sheet. 

It  also  appears  that  if  any  system  of  currents  be  produced  in  the 
sheet  and  then  left  to  itself,  the  effect  of  the  decay  of  the  currents,  as 
observed  at  a  point  on  the  positive  side  of  the  sheet,  will  be  the  same 
as  if  the  sheet,  with  its  currents  remaining  constant,  had  been  car- 
ried away  in  the  negative  direction  with  velocity  R. 

12.  If  a  magnetic  ])ole  of  strength  m  be  brought  from  an  infinite 
distance  along  a  normal  to  the  sheet  with  a  uniform  velocity  v  towards 
the  sheet,  it  will  be  rejielled  with  a  force 

7)1'        V 

47^  R  +  »-' 

where  ~  is  the  distance  from  the  sheet  at  the  given  instant. 

This  formula  will  not  apjjly  to  the  case  of  the  pole  moving  away 
from  the  sheet,  because  in  that  case  we  nuist  take  account  of  the 
currents  which  are  excited  when  the  pole  begins  to  move,  which  it 
does  when  near  the  sheet. 

l.'J.  If  the  magnetic  ])ole  move  in  a  straight  line  parallel  to  the 
sheet,  with  uniform  velocitv  r,  it  will  be  acted  on  bv  a  force  in  the 
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opposite  direction  to  its  motion,  and  equal  to 


m 

V 


VR'  +  r  +  R— y 


Besides  this  retarding  force,  it  is  acted  on  by  a  force  repelling  it 
from  the  sheet,  equal  to 


42"'  Hr  +  v'-^n^W  +  v" 

14.  If  the  pole  moves  uniformly  in  a  circle,  the  trail  is  in  the  form 
of  a  helix,  and  the  calculation  of  its  effect  is  more  difficult ;  it  is 
easy,  however,  to  see  that,  besides  the  retarding  force  and  the  repel- 
ling force,  there  is  also  a  force  towards  the  centre  of  the  circle. 

15.  It  is  shown,  in  my  treatise  on  Electricity  and  Magnetism 
(vol.  ii.  art.  600),  that  the  currents  in  any  system  are  the  same, 
whether  the  conducting  system  or  the  inducing  system  be  in  motion, 
provided  the  relative  motion  is  the  same.  Hence  the  results  already 
given  are  directly  applicable  to  the  case  of  Arago's  rotating  disk, 
provided  the  induced  currents  are  not  sensibly  affected  by  the  limi- 
tation arising  from  the  edge  of  the  disk.  These  will  mtroduce  other 
sets  of  images,  which  we  shall  not  now  investigate. 

16.  The  greater  the  resistance  of  the  sheet,  whether  from  its 
thinness  or  from  the  low  conducting-power  of  its  material,  the  greater 
is  the  velocity  11.  Hence  in  most  actual  cases  R  is  very  great  com- 
pared with  V,  the  velocity  of  the  external  system,  and  the  trail  of 
images  is  nearly  normal  to  the  sheet,  and  the  induced  currents  differ 
little  from  those  which  arise  from  the  direct  action  of  the  external 
system  (see  §  1). 

1 7.  If  the  conductivity  of  the  sheet  were  infinite,  or  its  resistance 
zero,  R  would  be  zero.  The  images,  once  formed,  would  remain  sta- 
tionary, and  all  except  the  last  formed  positive  image  would  be  neu- 
trahzed.  Hence  the  trail  would  be  reduced  to  a  single  positive  image, 

and  the  sheet  would  exert  a  repulsive  force  —  on  the  pole,  whether 

the  pole  were  in  motion  or  at  rest. 

I  need  not  say  that  this  case  does  not  occur  in  nature  as  we  know 
it.  Something  of  the  kind  is  supposed  to  exist  in  the  interior  of  mo- 
lecules in  Weber's  Theory  of  Diamagnetism. 

Mathematical  Investigation. 

18.  Let  the  conducting  sheet  coincide  with  the  plane  oi  xy,  and 
let  its  thickness  be  so  small  that  we  may  neglect  the  variation  of 
magnetic  force  at  different  points  of  the  same  normal  within  its  sub- 
stance, and  that,  for  the  same  reason,  the  only  currents  which  can 
produce  sensible  effects  are  those  which  are  parallel  to  the  surface  of 
the  sheet. 

i'urrent-fxmction . 

19.  We  shall  define  the  currents  in  the  sheet  by  means  of  the 
current-function  (j>.     This  function  expresses  the  quantity  of  electri- 
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city  which,  in  unit  of  time,  crosses  from  right  to  left  a  curve  drawn 
from  a  point  at  infinity  to  the  point  P. 

This  qnantity  will  be  the  same  for  any  two  curves  drawn  from  this 
point  to  P,  provided  no  electricity  enters  or  leaves  the  sheet  at  any 
point  between  these  curves.  Hence  ^  is  a  single-valued  function  of 
the  position  of  the  point  P. 

The  quantity  which  crosses  the  element  ds  of  any  curve  from 
right  to  left  is  ^0 

ds 

By  drawing  ds  first  perpendicular  to  the  axis  of  .v,  and  then  per- 
pendicular to  the  axis  of  y,  Ave  obtain  for  the  com])onents  of  the  elec- 
tric current  in  the  directions  of  .v  and  of  y  respectively 

u='^,  v=-f (1) 

di/  ux 

The  curves  for  which  ({>  is  constant  are  called  current  lines. 

20.  The  annular  portion  of  the  sheet  included  between  the  current 
lines  0  and  (p  +  hp  is  a  conducting  circuit  round  which  an  electric 
current  of  strength  2i(j)  is  flowing  in  the  positive  direction — that  is, 
from  .V  towards  y.  Such  a  circuit  is  equivalent  in  its  magnetic  effects 
to  a  magnetic  shell  of  strength  ^tp,  having  the  circnit  for  its  edge*.. 

The  whole  system  of  electric  currents  in  the  sheet  will  therefore 
be  equivalent  to  a  complex  magnetic  shell,  consisting  of  all  the  simjile 
shells,  defined  as  above,  into  which  it  can  be  divided.  The  strength 
of  the  equivalent  complex  shell  at  any  point  will  be  f. 

We  may  suppose  this  shell  to  consist  of  two  parallel  plane  sheets  of 
imaginary  magnetic  matter  at  a  very  small  distance  c,  the  surface- 
density  being  -  on  the  positive  sheet,  and  —  -on  the  negative  sheet. 

21.  To  find  the  magnetic  potential  due  to  this  complex  plane 
shell  at  any  j)oint  not  in  its  substance,  let  us  begin  by  finding  P,  the 
))()tcntial  at  the  point  (E,  rj,  4)  due  to  a  jjlane  sheet  of  imaginary 
magnetic  matter  whose  surface-density  is  0,  and  which  coincides 
with  the  ])laue  of  xy.     The  potential  due  to  the  positive  sheet  whose 

surface-density  is  _,  and  which  is  at  a  distance  Ic  on  the  positive 

side  of  the  plane  of  .ry,  is 

That  due  to  the  negative  sheet,  at  a  distance  \c  on  the  negative  side 
of  the  pl:uie  of  .x'y,  is 

Ilonce  the  magnetic  potential  of  the  shell  is 

\  =  -''\ (2) 

dz 

*  W.  Tlittnison,  "  Miitlieiimliciil  Tlicorv  ol  Miigncli.sni,"'  Pliil.  Trans.  ISMX 
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This,  therefore,  is  the  value  of  the  magnetic  potential  of  the  current- 
sheet  at  any  given  point  on  the  positive  side  of  it.  Within  the  sheet 
there  is  no  magnetic  potential,  and  at  any  point  (^,  t/,  —  0  on  the 
negative  side  of  the  sheet  the  potential  is  equal  and  of  opposite  sign 
to  that  at  the  point  (^, »/,  'C)  on  the  positive  side. 

22.  At  the  positive  surface  the  magnetic  potential  is 

^=-'jf=2'* (»> 

At  the  negative  surface 

.         .  f  =  27r0 0) 

The  normal  component  of  magnetic  force  at  the  positive  surface  is 

^^-'ic^^'dv ; 

In  the  case  of  the  magnetic  shell,  the  magnetic  force  is  disconti- 
nuous at  the  surface ;  hut  in  the  case  of  the  current-sheet  this  ex- 
pression gives  the  value  of  y  within  the  sheet  itself,  as  vFell  as  in  the 
space  outside. 

23.  Let  F,  G,  II  he  the  components  of  the  electromagnetic  momen- 
tum at  any  point  in  the  sheet,  due  to  external  electromagnetic  action 
as  well  as  to  that  of  the  currents  in  the  sheet,  then  the  electromotive 
force  in  the  directions  of  x  is 

_d¥  _d^ 
dt        dx 

where  i//  is  the  electric  potential*  ;  and  hy  Ohm's  law  this  is  equal 
to  era,  wliere  o-  is  the  specific  resistance  of  the  sheet. 
Hence 

=  _  'i£  _  '^^ 
dt       dx 

Similarlv,  i- ('') 

d(y      d^P 

(rv  =  —  —  — -  - 
di       dij 

Let  the  external  system  be  such  that  its  magnetic  potential  is  repre- 
sented  by  —  -77-,  theu  the  actual  magnetic  potential  will  be 

v=-^(Po+n (') 

and 

F=-^-(P,-f-P),      G  =  -i(P,-{-P),     H=0.    .     .     .     (S) 

Hence  equations  (0)  become,  by  introducing  the  strcain-funclion 
*  "  Dynamical  Theory  of  the  Electromagnetic  Field,"  Phil.  Trans.  18(35,  \^.  48^. 
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<p  from  (1), 

dy  dtdy^   "^    ■      dx' 


dx  dtdx^"^^       dy' 

A  solution  of  these  equations  is 

'7^=— -^(Po  +  P),     >/'=  constant (10) 

Substituting  the  value  of  ^  in  terms  of  P,  as  given  in  equation  {■[), 
a    dr        d  /1-,    ,  -,,. 

2.d.'=<n^^^^^ <'') 

The  quantity  — _-  is  evidently  a  velocity;  let  us  therefore  for  con- 
ciseness call  it  K,  then 

S+f+^=«-    • (-) 

2\.  Let  P,,'  be  the  value  of  P^  at  the  time  i  —  r,  and  at  a  point 
on  the  negative  side  of  the  sheet,  whose  coordinates  area*,  y,  (z  —  'Rr), 
and  let 

Q=J>o'^^^ ('3) 

At  the  upjitr  limit  when  r  is  infinite  P,,'  vanishes.     Hence  at  the 
lower  limit,  when  t  =  0  and  P(,'  =  P, ,  we  must  have 


but  by  equation  (12) 


f.=_f-K'»- (15) 

dt  dt  dz  ^     ^ 

Hence  the  equation  will  be  satisfied  if  we  mako 

P  =  --,,=-;,,        Vjd- (1(1) 

df  dt  J  (I 

2.").  This,  then,  is  a  solution  of  the  ])roblem.  Any  other  solution 
must  differ  from  this  by  a  system  of  closed  currents,  depending  on 
the  initial  state  of  the  shct't,  not  due  to  any  external  cause,  and 
which  therefore  must  decay  rapidly.  Hence,  since  we  assume  an 
eternity  of  ]»ast  time,  this  is  the  only  solution  of  the  problem. 

This  solution  expresses  P,  a  function  due  to  the  action  of  the 
induced  current,  in  terms  of  P,,',  and  through  this  of  P,„  a  function 
of  the  same  kind  due  to  the  external  magnetic  system.  By  dif- 
ferentiating P  and  P„  with  respect  to  :,  we  obtain  the  magnetic  poten- 
tial, and  by  ditTerentiating  them  with  resjiect  to  /,  we  obtain,  by 
((piation  (10),  the  cmrent-fuuetion.  Hence  the  relation  between 
1'  and  P,,  as  expressed  by  Kjuation  (10),  is  similar  to  the  relation 
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between  the  external  system  and  its  trail  of  images  as  expressed  in 
the  description  of  these  images  in  the  first  part  of  this  paper  (§§  G, 
7,  8,  !>),  which  is  simply  an  explanation  of  the  meaning  of  equation 
(16)  combined  with  the  definition  of  P,,'  in  §  24. 

Note  to  the  preceding  Paper. 

At  the  time  when  this  paper  was  written,  I  was  not  able  to  refer 
to  two  papers  by  Prof.  Fclici,  in  Tortolini's  'Annali  di  Scicuze'  for 
1853  and  18r)4,  in  which  he  discusses  the  induction  of  currents  in 
solid  homogeneous  conductors  and  in  a  plane  conducting  sheet,  and 
to  two  papers  by  E.  Jochmann  in  Crelle's  Journal  for  lS(jJ,  and  one 
in  Poggendorff's  '  Annalen  '  for  18G4,  on  the  currents  induced  in  a 
rotating  conductor  by  a  magnet. 

Neither  of  these  writers  has  attempted  to  take  into  account  the 
inductive  action  of  the  currents  on  each  other,  though  both  have 
recognized  the  existence  of  such  an  action,  and  given  equations  ex- 
jjressing  it.  M.  Felici  considers  the  case  of  a  magnetic  pole  placed 
almost  in  contact  with  a  rotating  disk.  E.  Jochmann  solves  the 
case  in  which  the  pole  is  at  a  finite  distance  from  the  plane  of  the 
disk.  He  has  also  drawn  the  forms  of  the  current-hues  and  of  the 
equipotential  lines,  in  the  case  of  a  single  pole,  and  in  the  case  of 
two  poles  of  opposite  name  at  equal  distances  from  the  axis  of  the 
disk,  but  on  o])posite  sides  of  it,  and  has  pointed  out  why  the  cur- 
rent-lines are  not,  as  Matteucci  at  first  supposed,  perpendicular  to  the 
equipotential  lines,  which  he  traced  experimentally. 

I  am  not  aware  that  the  principle  of  images,  as  described  in  the 
paper  presented  to  the  Royal  Society,  has  been  previously  applied 
to  the  phenomena  of  induced  currents,  or  that  the  problem  of  the 
induction  of  currents  in  an  infinite  plane  sheet  has  been  solved,  taking 
into  account  the  mutual  induction  of  these  currents,  so  as  to  make 
the  solution  applicable  to  a  sheet  of  any  degree  of  conductivity. 

The  statement  in  equation  (10),  that  the  motion  of  a  magnetic 
system  does  not  produce  diiferences  of  potential  in  the  infinite  sheet, 
may  appear  somewhat  straugc,  since  we  know  that  currents  maybe  col- 
letted  by  electrodes  touching  the  sheet  at  different  points.  These 
currents,  however,  dejtend  entirely  on  the  inductive  action  on  the  jiart 
of  the  circuit  not  included  in  the  sheet ;  for  if  the  whole  circuit  lies 
in  the  plane  of  the  sheet,  but  is  so  arranged  as  not  to  interfere  with 
the  uniform  conductivity  of  the  sheet,  there  will  be  no  difference  of 
potential  in  any  part  of  the  circuit.  This  is  pointed  out  by  Felici, 
Avho  shows  that  when  the  currents  are  induced  by  the  instantaneous 
magnetization  of  a  magnet,  these  currents  are  not  accompanied  by 
differences  of  potential  in  different  parts  of  the  sheet. 

When  the  sheet  is  itself  in  motion,  it  appears,  from  art.  000 
of  my  treatise  'On  Electricity  and  Magnetism,'  that  the  electric  po- 
tential of  any  point,  as  measured  by  means  of  the  electrodes  of  a  fixed 
circuit,  is 
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^'^*    hy    "b' 

where  ^»    ^'    ^  are   the  components   of  the  velocity  of  the 

part  of  the  sheet  to  which  the  electrode  is  applied. 

In  the  case  of  a  sheet  revolving  with  velocity  w  ahout  the  axis  of 
z,  tliis  hccoi'ics 


Note  2. — The  velocity  R  for  a  copper  plate  of  best  quality  1  mil- 
limetre in  thickness  is  about  25  inetres  per  second.  Hence  it  is 
only  for  very  small  velocities  of  the  apparatus  that  we  can  obtain 
any  approximation  to  the  true  result  by  neglecting  the  m.utual  in- 
duction of  the  currents. — Feb.  13. 

Feb.  22. — William  Spottiswoode,  M.A.,  Treasurer  and  Vice-Presi- 
dent, in  the  Chair. 

The  following  communication  was  read  : — 

"  On  a  New  Hygrometer."     By  "Wildman  Whitehouse,  Esq. 

The  use  of  INIason's  wet-bulb  thermometer  as  a  means  of  hy- 
grometric  measurement,  though  admitted  to  be  the  most  prac- 
tically useful,  and  indeed  the  only  recording  instrument  for  the  pur- 
pose, has  yet  this  serious  inconvenience,  not  to  say  defect,  viz.  that 
its  indications  either  cease  or  are  valueless  at  temperatures  below32°F. 

In  a  conversation  v/hich  the  writer  had  with  the  Director  of  the 
Meteorological  Office  some  months  ago,  the  question  arose  whether 
any  thing  could  be  suggested  to  remedy  this  inconvenience. 

It  was  obviously  inadmissible  to  substitute  any  other  fluid  for, 
or  to  make  any  addition  to,  the  water  employed  for  the  wet  bulb,  as 
then  it  would  cease  to  be  a  test  for  the  purely  hygrometric  capacity 
of  the  air.  It  became  therefore  necessary  to  fall  back  in  another 
direction,  and  to  find  some  hygrometric  body  which  should  readily 
and  rapidly  absorb  moisture  from  the  air,  and  at  the  same  time 
afford  some  means  of  measuring  and  recording  the  amount  of  such 
absorption. 

Fused  chloride  of  zinc  or  of  calcium  seemed  promising,  as  very 
active  agents,  absorbing  rapidly  on  their  surface,  and  allowing  the 
readiest  possible  escape  of  the  tluid  hydrate  for  measurement ;  yet  no 
means  presented  itself  either  of  accurately  measuring,  regulating,  or 
maintaining  the  exact  extent  of  surface  exjjosed  for  absorj)tion  ;  nor 
could  the  substance  itself  be  easily  renewed  when  required  ;  nor,  in- 
deed, could  cither  of  these  substances  be  regarded  as  wholly  free  Irom 
the  interference  of  frost,  as  the  moisture  absorbed  from  the  r.tmo- 
sphcre  at  a  tenqjerature  much  below  freezing-point  may  remain  frozen 
on  the  surface,  and  become  incapable  of  continuous  measurement. 
It  seemed  essential  to  the  accuracy  and  practical  utility  of  any  in- 
strument designed  for  this  purpose  : — 

1st.  That  a  fixed  and  invariable  extent  of  surface  should  at  all 
times  be  exposed  for  absorption  of  moisture  ; 


Mr.  ^y.  Whitehouse  on  a  New  Hrjgrometer.  539 

2ucl.  That  tlie  apparatus  should  be  simple,  inexpensive,  and  not 
inconvenient  in  use  ; 

3rd.  That  the  hygrometric  substance  should  be  continuously  and 
steadily  renewable  ;  and  above  all,  if  it  were  possible, 

4th.  That  the  measurement  should  be  effected  thermometrically. 
No  solid  hygrometric  substance  seemed  capable  of  meeting  these 
requirements ;  but  all  the  conditions  seemed  likely  to  be  fulfilled  by 
the  use  of  concentrated  sulphuric  acid.  This  would  admit  of  being 
spread  hi  an  exquisitely  fine  film  over  the  surface  of  the  bulb  of  a 
thermometer  by  mecms  of  a  glass  capillary  siphon,  of  which  one  end 
should  rest  on  the  upper  part  of  the  bulb,  while  the  other  end  dipped 
into  a  reservoir  of  the  acid.  A  continuous  supply  could  be  maintained 
for  any  required  length  of  time  by  suitable  arrangements.  The  ab- 
sorption of  moisture  would  necessarily  be  attended  by  a  rise  in  tem- 
perature, and  this  would  be  proportioned  to  the  amount  of  hygro- 
metric moisture  absorbed ;  while  the  hydrated  acid,  having  fulfilled 
its  ofiice,  would  fall  in  drops  from  the  bulb  into  any  tube  or  reservoir 
placed  for  the  purpose. 

An  instrument  has  been  constructed  by  the  writer  to  test  this  prin- 
ciple, which  has,  by  the  courtesy  of  the  Director  cf  the  Meteoro- 
logical Office,  been  under  observation  for  some  weekt. 

It  consists  essentially  of  three  thermometers  of  similar  construc- 
tion, and  used  as  a  "  wet  bulb,"  a  "  dry  bulb,"  and  an  "  acid  bulb," 
respectively,  placed  side  by  side  on  a  suitable  frame,  and  read  together 
for  comparison. 

The  experience  already  gained  in  the  use  of  this  instrument  has 
shown  that,  with  a  reservoir  of  proper  construction, the  supply  of  acid 
may  be  made  continuous  for  any  required  length  of  time,  and  that, 
from  the  very  slight  variations  of  flow  which  occur  in  its  action,  the 
supply  to  the  thermometer  will  be  sensibly  equable. 

The  length  of  the  siphon,  and  the  size  of  the  capillary  bore, 
together  with  the  difference  of  level  between  the  surface  of  the  fluid 
in  the  trough  of  the  reservoir  and  the  point  of  delivery  on  the  bulb, 
will  determine  the  rate  of  supply  of  the  acid. 

It  is  clear  that  either  a  too  rapid  and  continuous  stream  of  acid 
at  the  temperature  of  the  air,  or  a  too  scanty  supply,  would  diminish 
the  readings  ;  yet  it  is  found  that  practically  there  may  be  a  pretty 
wide  range  of  variation  in  the  supply  of  acid,  within  w  hich  no  essen- 
tial change  in  the  sensibiUty  of  the  instrument  is  noticed. 

For  a  bulb  having  one  square  inch  of  surface  one  drop  per  mi- 
nute is  sufficient,  though  the  time  may  range  from  40  to  100  seconds 
without  inconvenience,  the  time  being  noted  as  the  hydrated  acid, 
after  having  fulfilled  its  ofliice,  falls  droj)  by  drop  from  the  bulb. 

The  quantity  of  acid  required  at  this  rate  is  about  3  fluid  ozs.  per 
diem,  or  one  imperial  pint  per  week,  which  is  procurable  of  uniform 
density,  sufficiently  pure  and  free  from  lead,  at  a  cost  of  about  2^^. 

The  temperature  of  the  acid  in  the  reservoir  is  of  course  tliat  of 
the  surroundiug  air ;  the  elevation  of  temperature  shown  by  the 
acid-bulb  thermometer  is  due  to,  and  seems  to  be  strictly  a  measure 
of,  the  amount  of  moisture  absorbed  by  the  film  of  acid  spread  on 
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the  surface  of  the  bulb,  say  one  square  inch,  continuously  supplied  in 
its  concentrated  state,  and  as  constantly  passing  off  hydrated. 

"While,  therefore,  this  instrument  is,  like  Mason's,  intended  to 
measure  the  amount  of  hygrometric  moisture  in  the  air,  and  to  do 
so  thermometrically,  it  yet  is,  in  its  principle  and  in  its  operation, 
essentially  of  an  opposite  character. 

The  ordinary  wet-bulb  thermometer  is  at  the  zero  of  its  scale  in 
an  atmosphere  of  perfect  saturation,  and  its  action  depends  upon  the 
amount  of  sensible  heat  absorbed  and  rendered  latent  by  evaporation 
of  the  water  from  its  surface. 

The  acid-bulb  thermometer  is  at  its  zero  in  a  perfectly  dry  atmo- 
sphere ;  and  its  action  depends  upon  the  amount  of  latent  heat  ren- 
dered sensible  by  the  condensation  of  vapour  into  water  on  the  sur- 
face of  the  bulb,  and  by  the  combination  of  this  water  with  the  con- 
centrated acid. 

It  would  appear  that  an  h\'grometer  on  this  principle  is  entirely 
free  from  the  action  of  frost ;  while  its  sensibility  is  so  great  as  to 
be  at  first  almost  embarrassing. 

This  may,  however,  be  easily  regulated  and  toned  down,  if  neces- 
sary, to  any  required  range  by  the  dilution  of  the  acid  with  glycerine, 
a  fluid  which  is  also  of  itself  hygrometric,  though  its  thermal  effects 
are  far  less  marked  than  those  of  sulphuric  acid. 

The  following  series  of  observations,  made  hourly  and  otherwise, 
at  intervals  during  the  past  few  weeks,  at  the  Meteorological  Office, 
by  the  kindness  of  the  Director,  will  suffice  to  show  approximately 
the  relations  of  the  "acid"  and  the  "  wet  bulb  "  respectively. 

They  have  been  chiefly  actual  out-door  observations,  and  have  ex- 
tended over  a  considerable  range  of  temperature  and  atmospheric 
variations. 

It  will  require  a  most  careful  series  of  observations  to  elicit  all  the 
jjoints  noteworthy  in  the  new  instrument,  and  to  determine  the  rela- 
tive values  of  the  wet-  and  acid-bulb  readings,  noting  the  behaviour 
of  each  at  every  part  of  the  scale,  from  absolute  dryness  to  satu- 
ration, and  at  temperatures  ranging  from  7ii°  or  SO^  down  to  0°. 

This  will  be  necessary  before  the  instrument  can  aspire  to  take  its 
])lace  among  the  recognized  standards  of  meteorological  science  ; 
l)ut  in  the  mean  time  the  writer  has  been  advised  to  ofl'cr,  at  the 
earliest  time,  a  brief  description  of  it  to  the  notice  of  the  Koyal 
Society. 
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Table. — Giving  comparison  of  Readings  of  Wet-  and  Acid-bulb 
Hygrometers. 
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January  24,  1872. — Joseph  Prestwich,  Esq.,  F.R.S.,  President, 

in  the  Chair. 

The  following  comiminications  were  read : — 

i,  "  On  the  Foraminifera  of  the  Family  Eotalin?c  (Carpenter) 
found  in  the  Cretaceous  Formations,  with  jS'otes  on  their  Tertiary 
and  Recent  Representatives."  By  Prof.  T.  Rupert  Jones,  F.G.S., 
and  W.  K.  Parker,  Esq.,  F.R.S. 

The  authors  enumerated  the  Rotalince  which  have  been  found  in 
the  Cretaceous  rocks  of  Europe,  and  showed  by  tabular  synopses  the 
range  of  the  species  and  notable  varieties  in  the  different  formations 
of  the  Cretaceous  system.  For  the  comparison  of  the  Tertiary  Ro- 
talinffi  with  those  of  the  Cretaceous  period  the  following  Tertiary 
formations  were  selected : — The  Kessenberg  beds  in  the  Northern 
Alps,  the  Paris  Tertiaries,  tbe  London  Clay,  the  Tertiary  beds  of 
the  Yicnna  Basin,  and  the  English  and  Antwerp  Crags.  The  authors 
also  enumerated  the  recent  Foraminifera  of  the  Atlantic  Ocean. 

The  authors  stated  that  of  Planorhulina  several  rpecics  and  im- 
portant varieties  of  the  compact  conical  form  occur  throughout  the 
Cretaceous  series,  and  that  those  of  the  Nantiloid  group  are  still  more 
abundant.  The  plano-convex  forms  are  represented  throughout  the 
series  by  P.  {Trimcahdina)  lohatuJa  ;  but  the  ilat  concentric  growths 
had  not  yet  come  in.  Planorhulina  extends  down  to  the  Lias  and 
Trias.  Pulvinulina  repanda  is  feebly  represented  in  the  uppermost 
Chalk  ;  bvit  forms  of  the  "  Menardii "  group  abound  throughout  the 
series.  Species  of  the  "  eler/ans  "  group  are  peculiarly  characteristic 
of  the  Gault;  and  some  of  the  "  ScJireibersii^'  group  are  scattered 
throughout.  These  two  groups  extend  far  back  in  the  Secondary 
period.  The  typical  RoiaVia  Beccarii  is  not  a  Cretaceous  form ;  but 
the  nearly  allied  E.  innbilicata  is  common.  Tinoporus  and  Patellina 
occur  at  several  stages ;    Calcarina  only  in  the  Upper  Chalk. 

The  above-mentioned  types  are  for  the  most  part  still  living ;  but 
the  "  auricula  "  group  of  Pulvimdina  is  wanting  in  the  Cretaceous 
series,  as  also  are  Spirillina  and  Ctjinhalopora,  except  that  the  latter 
occurs  in  the  ilacstricbt  Chalk,  Discorhina  and  Calcarina  make 
their  first  appearance  in  the  uppermost  Chalk.  The  chief  distinction 
between  the  Cretaceous  and  the  existing  Rotalina?  was  said  to  con- 
sist in  the  progressively  increasing  number  of  modifications.  The 
authors  concluded  by  disputing  the  propriety  of  regarding  the 
Atlantic  ooze  as  homologous  with  the  Chalk. 

2.  "  On  the  Infra-lias  in  Yorkshire."  By  the  Rev.  J.  F.  Blake, 
M.A.,  F.G.S. 

The  Infra-lias,  i.  e,  the  zones  oi  Ammonites planorhis  ia\(\.Am.  an- 
f/idatus,  have  been  recorded  hitherto  only  from  Rcdcar,  to  the  beds 
at  which  place  the  author  referred ;  but  the  chief  object  of  the 
paper  was  to  describe  some  sections  at  Clifi^,  near  Market  "Weighton, 
where  these  and  lower  beds  are  well  exposed,  and  have  yielded  a 
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Jinmorous  suite  of  fossils.  He  considered,  liowever,  that  these  beds 
did  not  belong  to  the  typical  Yorksliire  area,  ])ut  were  the  thin  end 
of  the  series  which  stretches  across  England.  He  supi)osed  there  had 
been  a  barrier  in  Carboniferous  times,  which  had  separated  the  coal- 
Jields  of  Yorkshire  and  Durham,  prevented  the  continuity  of  the 
Permian  beds,  and  curved  rovind  the  secondary  rocks  to  the  north 
of  it,  to  form  the  real  Yorkshire  basin,  Mliile  these  beds  at  Cliff  were 
immediately  to  the  south  of  it. 

The  sections  described  were  six  in  number,  the  fir^t  pit  yielding 
the  great  majority  of  the  fossils,  and  the  third  showing  best  the 
succession  of  the  beds.  The  fossils  could  be  mostly  identified  with 
known  forms,  and  showed  a  striking  similarity  to  the  Uettangian 
fauna.  In  all  the  clays  of  the  Infra-lias,  Foraminifera  were  numerous 
and  varied. 

The  section  in  pit  Xo.  3  showed,  commencing  at  the  top  : — 1.  Stone 
bed  with  Am.  cim/nlaiHs  (the  fossiliferous  bed  of  pit  No.  1).  2.  Thick 
clays,  with  bands  of  stone  characterized  by  Am.  Jolinsto)ii.  3.  One 
band  of  clay  with  Am.  pJanorhis.  4.  Thin-bedded  stones  and  clays, 
some  of  them  oyster-bands.  5.  Clays  without  Foraminifera,  and 
with  impressions  of  Anatina  (White  Lias). 

The  Avicula-contorta  series  is  not  reached ;  nor  arc  there  any 
signs  of  the  bone-bed,  as  the  junction  with  the  Keuper  marls,  which 
are  found  three  miles  off,  is  not  seen. 

The  paper  was  followed  by  references  to  the  fossils  mentioned, 
including  the  description  of  those  that  arc  considered  new. 
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RESEARCHES  ON  THE  REFLECTION  OF  HEAT  AT  THE  SURFACE  OF 
POLISHED  BODIES.       BY  M.  P.  DESAINS. 

"ITST'IIEN,  with  rock-salt  apparatus,  we  form  the  spectrum  of  lime  or 
'  *  of  incandescent  platinum,  we  find  at  the  least  refracted  e.K- 
tremity  of  those  spectra  lines  completely  absorbable  by  thin  layers  of 
Avater  or  even  of  glass.  These  lines  are  reflected  at  the  surface  of 
polished  metals  in  much  greater  proportion  than  the  red  lines  in  their 
vicinity  ;  and  in  all  these  characters  they  very  nearly  resemble  those 
emitted  by  lamp-black  heated  to  only  '200°  or  300°  C.  It  has  more- 
over been  lung  admitted  that  the  heat  from  obscure  sources  is  re- 
markably less  refrangible  than  luminous  heat  in  its  i)assage  through 
a  prism  of  rock-salt. 

Some  years  since  I  studied  the  reflecting  action  of  glass  and  rock- 
salt  on  rays  from  a  source  at  a  low  temperature  ;  and  I  ascertained 
that  when  the  incident  flow  was  completely  ])olarizcd  in  the  plane 

...  ,  sin"  (/ — ?•) 

ot  incidence,  Fresnel's  formula  I'=    .  ■,  ,^— -^    represents    exactly 

sni-(i-|-;*)       '  ^ 

tlic  course  of  the  ])lienomenon  :   /  is  the  angle  of  incidence,  always 

connected  with  the  angle  ;•  by   the  relation  sini  =  «sin?-.     In  the 
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case  of  rock-salt,  n  is  the  index  corref-ponding  to  the  rays  employed. 
It  appeared  to  me  to  require  to  be  taken  a?  equal  to  1-49.  In  the 
case  of  glass,  the  value  of  tt  which  satisfies  experiment  is  n—l'l; 
but  here  measurements  of  the  index  are  not  possil)le,  because  glass 
even  of  the  thickness  of  ^  millim.  ol)structs  the  passage  of  the  rays  em- 
j)loyed.  If,  however,  \\g  supjjose  that,  in  this  case  again,  n  retains 
its  ordinary  physical  signification,  we  must  conclude  that  in  glass 
the  extreme  obscure  rays  are  incomparably  more  refracted  than  t!ie 
red  rays,  which  are  nevertheless  mucli  more  refrangible  than  the 
former  in  a  rock-salt  prism. 

These  facts  were  recorded  in  a  memoir  presented  to  the  Academy 
iii  1868.  I  have  thought  it  necessary  to  mention  them  now  in  order 
to  compare  them  with  the  experiments  made  eighteen  months  since 
on  abnormal  dispersion,  and  with  those  which  AT.  Leroux  had  jire- 
viously  published  on  the  same  subject. 

TIjc  study  of  reflection  at  the  surface  of  metals  leads  to  analogous 
consequences.  On  studying,  with  De  La  Provostaye,  the  reflection 
of  polarized  heat  at  metallic  surfaces,  we  have  recognized  that 
Cauchy's  formulaj  very  well  represent  the  results  obtained  for  the 
two  principal  positions  of  the  plane  of  polarization. 

But  when  limited  to  tlie  case  in  which  the  plane  of  polarization 
is  parallel  with  that  of  incidence,  we  may  be  confident  that  the  for- 
mula I"= — ^-^^ '-   very  well  represents  the  data  of  experiment, 

sin"  (i+r) 

the  angle  r  being  always  connected  with  the  angle  of  incidence  by 
the  formula  sin  i=n  sinr,  n  being  a  constant.  But  the  values  of  n 
are  in  general  very  considerable ;  for  the  rays  in  the  vicinity  of  the 
extreme  red  they  appeared  to  me  to  be  the  following  :  platinum, 
=  8;  speculum-metal,  =8" 7  ;  silver,  =20;  finally  ;«  =  2G  in  the  case 
of  rays  emitted  by  lamp-black  at  300°  and  reflected  by  speculum- 
metal.  This  enormous  increase  agrees  well  with  what  I  had  already 
found  in  studying  the  reflection  from  glass. 

When  the  rays  are  polarized  perpendicularly  to  the  plane  of  inci- 
tang- (z  — ?•)       ,  .  , 

dence,  Fresnel's  formula  P=t — ^V, — (  no  longer  represents  cither 
'  tang*(e-i-r)  °        ' 

the  metallic  reflection  or  that  of  rays  of  low  temperature  from  glass. 
But  the  considerations  from  which  that  formula  is  derived  require 
very  little  modification  in  order  to  yield  one  which  will  represent 
the  phenomena. 

Indeed,  let  us  suppose  that  the  vis  viva  of  the  refracted  i)encil, 
instead  of  being  equal  to  the  diflference  between  that  existing  in  the 
direct  and  that  existing  in  the  refracted  pencil,  diflfers  a  little  from 
that  excess,  and  we  shall  then  have  between  the  coefficients  of  vi- 
bration /,  V,  and  u  of  the  three  pencils  a  relation  of  the  form 
( 1  —  V-)  cos  i  sin  r = u'  cos  r  sin  /  ( 1  —  c), 

c  representing  the  coefficient  of  the  corrective  terra.  Now  I  have 
ascertained  that  by  the  introduction  of  this  term  we  arrive  at  a  final 
formula  wliich  well  represents  all  the  experiments  I  am  acquainted 
with,  provided  that  we  assign  to  ^a  value  of  the  form  /ctang-(' — r); 
Phil.  May.  S.  4.  No.  289.  Suppl.  Vol  43.  2  N 
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k  is  a  constant  depending  on  the  nature  of  the  rays  and  on  that  of 
the    mirror.       The    constant    n,    always    defined    by    the    relation 
sill  i  =  ?i  sin  r,  retains  the  value  deduced  from  the  experiments  in 
which  the  plane  of  polarization  is  parallel  with  that  of  incidence. 
The  final  formula  is  the  following  : — 

tang  {i—  r), ,r .  ^cos  i  sin  i  k  tang^z  — ?')1 

tang  (i  +  r)  [_         cos  i  sin  ^-^-  cos  r  sin  i  J 

cos  i  sin  i  k  tang"  {i — r) 
cos  i  sin  i  +  cos  r  sin  r 
I  have  verified  this  formula  between  the  incidences  of  20°  and  75°. 
— Comptes  Rendus  de  I' Acad,  des  Sciences,  April  22,  1872. 


PRIZE  QUESTION  PROPOSED  BY  THE  DANISH  ROYAL  SOCIETY  OF 
SCIENCES  FOR  THE  YEAR  1872. 

The  detailed  researches  of  which  the  spectra  of  the  planets  have 
been  the  subject  since  the  introduction  of  the  spectroscope  in  astro- 
nomical investigation  are  yet  far  from  having  led  to  satisfactorily 
accordant  results,  even  in  respect  of  the  principal  points.  At  this 
moment  we  know  positively  only  one  thing — namely,  that  the 
spectra  are  not  at  all  identical  with  that  of  the  solar  light  ;  while 
great  uncertainty,  even  actual  contradiction,  prevails  when  the  po- 
sitions of  new  lines  and  zones  of  absorption  have  to  be  determined ; 
these  in  the  case  of  Uranus,  for  example,  seem  to  change  com- 
pletely the  character  and  nature  of  the  spectrum.  It  is  true  that 
these  researches,  in  order  to  have  all  the  precision  desirable,  de- 
mand observations  which  are  some  of  the  most  difficult  and  delicate 
in  astronomy ;  but  the  above-mentioned  discordances,  and  notably 
those  which  belong  to  the  researches  previous  to  18GS,  must  cer- 
tainly be  attributed  in  part  to  the  entire  absence  of  a  normal  general 

o 

spcctrum-scalc,  such  as  was  given  some  years  since  by  M.  Angstrom 
in  his  celebrated  work. 

In  the  conviction  that  the  analyzers  and  instruments  of  precision 
now  available  permit  the  spectroscopic  examination  of  the  planets 
Venus,  iMars,  Juj)itcr,  Saturn,  and  Uranus  in  such  a  manner  that 
doubts  shall  no  longer  be  possible  relative  to  the  position  and  spe- 
cial nature  of  the  principal  lines,  groups,  and  zones  in  each  of  these 
spectra,  the  Danish  Royal  Society  requests  a  description  of  the 
sj)ectra  of  these  planets,  accompanied  by  a  critical  com])arison  of 
the  results  obtained  anteriorly  by  Dr.  William  Huggins,  Father 
Secchi,  Dr.  Vogel,  and,  particularly  as  regards  .Iui)itcr,  by  Mr. 
Le  Sueur  at  Melbourne,  and  offers  as  the  prize  its  gold  medal  toge- 
ther witli  a  sum  of  money  rc])rcsenting  the  value  of  that  medal. 

'I'lie  memoirs  in  answer  to  this  must  be  sent  in  before  the  end  of 
October  1M73,  addressed  to  Councillor  Jui)etus  Stecnstnip,  Secre- 
tary of  the  Society.  They  may  be  written  in  Latin,  French,  English, 
German,  Swedisii,  or  Danish.  The  memoirs  must  not  bear  the 
names  of  the  autiiors,  but  must  be  furnished  with  mottoes  ;  and 
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each  memoir  must  be  accompanied  by  a  sealed  packet  bearing  on 
the  outside  the  same  motto  as  the  memoir,  and  enclosing  the  name, 
profession,  and  address  of  the  author.  The  value  of  the  gold  medal 
is  stated  at  450  francs. 


ANOMALOUS    PRODUCTION    OF    OZONE.        BY    HENRY    H.    CROFT, 
PROFESSOR  OF  CHEMISTRY,  UNIVERSITY  COLLEGE,  TORONTO. 

About  six  years  ago,  when  evaporating  some  syrupy  iodic  acid, 
prepared  according  to  Millon's  process,  over  sulphuric  acid,  I 
noticed  that  when  the  acid  began  to  crystallize  the  air  in  the  jar 
(covering  the  drying- dish)  had  a  strong  smell  of  ozone  or  active 
oxygen.  A  couple  of  years  afterward,  on  again  making  iodic  acid, 
this  observation  recurred  to  my  mind,  and  I  carefully  tested  the  air 
in  the  jar  during  the  evaporation ;  no  trace  of  ozone  could  be  de- 
tected until  the  acid  began  to  crystallize,  when  the  smell  of  ozone 
became  immediately  perceptible,  and  all  the  usual  tests  for  that  body 
succeeded  perfectly. 

During  the  last  month  I  have  had  occasion  to  convert  two  ounces 
of  iodine  into  iodic  acid ;  and  exactly  the  same  result  has  been 
observed. 

The  acid  usually  solidifies  to  opaque  verrucose  masses ;  but  on 
this  occasion  the  crystals  formed  were  clear  and  brilliant.  The 
solution  had  in  this,  as  in  all  the  former  cases,  been  boiled  down 
to  thin  syrup,  so  that  no  trace  of  chlorine  or  nitric  acid  could  pos- 
sibly have  remained  to  act  on  the  ozone  paper.  The  air  in  the  jar 
was  tested  from  day  to  day  both  by  the  smell  and  the  action  of 
iodized  starch-paper.  Even  when  a  few  crystals  began  to  form,  no 
change  was  noticed  ;  but  when  the  crystallization  set  in  fully,  the 
evolution  of  ozone  was  most  remarkable,  the  strong  smell  being 
quite  characteristic,  entirely  different  from  that  of  chlorine  or  nitric 
acid. 

I  am  quite  unable  to  account  for  this  ozonification  of  the  air  (or 
oxygen)  over  crystallizing  iodic  acid.  My  friend,  Mr.  vSterry  Hunt, 
has  suggested  that  it  may  arise  from  a  partial  deoxidation  similar 
to  that  which  produces  ozone  when  hypermanganates  are  decom- 
posed, as  observed  by  him  and  other  cliemists.  As  the  crystallizing 
acid  remains  perfectly  white,  either  opaque  or  transparent,  and  as 
the  lower  oxides  of  iodine  are  of  a  yellow,  or  even  brown  colour, 
according  to  Millon,  I  cannot  accept  this  explanation  ;  and  even  if 
it  were  true,  the  phenomenon  would  be  equally  unintelligible,  a 
reduction  taking  place  during  crystallization.  I  can  offer  no  expla- 
nation of  the  simple  fact  that  air  over  crystallizing  pure  iodic  acid 
becomes  ozonized ;  but  I  think  that  the  observation  seems  to  offer 
a  wide  field  for  further  experiments,  which  I  have  unfortunately  not 
the  time  to  carry  out. — SiUiman's  American  Journal  for  June  187-. 


548 


INDEX  TO  VOL.  ALllI. 


Abbott  (Uev.  T.  K.  )  on  tlic  theory 
of  the  tides,  20. 

Acoustical  cxjieriments  on  the  trans- 
lation of  a  vil)rating  bodv.  on  some, 
278. 

Airy  (G.  B.)  on  the  computation  of 
the  lengths  of  waves  of  light,  152  ; 
on  a  su]iposed  alteration  of  aberra- 
tion of  light  by  its  ])assr.ge  through 
a  refracting  medium,  310;  on  the 
directive  ])o\ver  of  large  steel  mag- 
nets, of  bars  of  magnetized  soft 
iron,  and  of  galvanic  coils,  in  their 
action  on  external  small  magnets, 
472. 

Alizarine,  on  the  absor])tiou-si)cctrum 
of  the  vajjonrs  of,  475. 

Alvergniat  (M.)  on  a  new  phenome- 
non of  ph.osphorcs-cericc  piodnccd 
by  frietioiial  electricity,  HO. 

Aui])ere's  molecular  currents,  on,  132. 

Anemometer,  description  of  a  new, 
.'52. 

Atkinson  (R.  W.)  on  tlic  atonuc 
theory,  42S. 

Atmospheric  tides,  on  the  mathema- 
tical theory  of,  24. 

Atomic  liypothesis,  on  the  relations 
between  the,  and  the  condensed 
svmbolic  exprcssicms  of  diemieal 
facts,  241,-12S,  r;03. 

Bicyclic  chuck,  on  n,  3()5. 

lUaserna  (M.)  on  the  disjdacemcnt  of 
the  spectral  lines  by  the  action  of 
the  temperature  of  the  prism, 
239. 

Books,  new  :  —  Clerk  ]\Iaxweirs 
Theory  of  Heat,  14!)  ;  Prince's 
Climate  of  Ickncld,  1.">1  ;  Tod- 
Innitcr's  Calculus  of  \'ariations, 
221  ;  IMerriHelil's  Technical  Arith- 
metic and  Mensuration,  22(1; 
Monthlv  Notices  of  the  Koval  As- 


tronomical Society,  .305 ;  "Williams's 
Observations  of  Comets  from  B.C. 
(ill  to  A.D.  \(IW,  30(;;  Weather- 
charts,  ifj. ;  Williamson's  Treatise 
on  the  Diffei'cntial  Calculus,  307  ; 
Ogilbv"s  >se\\  Theorv  of  the  figtire 
of  the  Earth,  308;  Frost's  Ele- 
mentary Treatise  on  Curve-tracing, 
37()  ;  Smith's  Aritlimetic  in  Theory 
and  Practice,  377;  Harris's  Kuklos, 
379  ;  Jellett's  Theorv  of  Eriction, 
469. 

Bruce  Warren  (T.  T.  P.)  on  calcula- 
ting-machines, 3!J6. 

Calculating-machines,  on,  39G. 

Calculus  of  variations,  on  the  solu- 
tion of  three  ])roblems  in  the,  52. 

Caoutchouc,  on  the  disengagement  of 
bent  by,  when  strctrhcd,  157. 

Cayk  v  (Prof.  A.) on  a  bicvclic  chuck, 
3(J5". 

Ch.allis  (Prof.)  on  the  mathematical 
llieory  of  atnios])lieric  tides,  24; 
on  the  solution  of  three  problems 
in  the  calculus  of  variations,  52  ; 
on  the  theory  of  the  aberration  of 
light,  28!* ;  on  the  hydrodyuamical 
theory  of  niacnetism,  JOl. 

Chlorine,  on  I  lie  absorption-siicctrum 
of,  318. 

Clausius  (Prof.)  on  the  mechanical 
theory  of  heat,  IOC,  338,  443,  51(i. 

Cockle  (Sir  J.)  on  hvperdistributives, 
300. 

Cohesion-figures,  on  the  true  cause  of 
the  formation  of,  400. 

Corona,  observations  on  the,  seen 
during  the  cclii)se  of  Dec.  11  and 
12,  1S71,  191. 

Croft  (Prof.  II.  II.)  on  an  anomalous 
production  of  ozone,  547. 

De  la  Rive  (A.)  on  a  new  h\grome- 
tcr,  514. 


INDEX. 


549 


Do  La  Rue  (Dr.  W.)  on  some  recent 
researches  in  solar  physics,  and  on 
a  hiw  regulathig  the  time  of  dura- 
tion of  the  sun-spot  period,  385. 

Desains  (P.)  on  the  reflection  of  heat 
at  the  surface  of  polished  bodies, 
544. 

Dolbear  (Prof.  A.  E.)  on  a  new  me- 
thod of  measuring  the  velocity  of 
rotation,  398. 

Earth,  on  the  origin  of  the  magnetism 
of  the,  345,  446,  481. 

Earth-currents,  on  testing  the  metal- 
resistance  of  telegraph-wires  or 
cables  influenced  by,  186. 

Eillund  (E.)  on  the  electromotive 
force  in  the  contact  of  metals,  and 
on  the  modification  of  that  force 
by  heat,  81,  213,  264. 

Electric  currents,  on  the  induction  of, 
in  au  infinite  plane  sheet  of  uni- 
form conductivity,  529. 

Electrical  machines,  on  a  collector 
for  frictional,  368. 

Electricity,  on  a  new  phenomenon  of 
])hos])horescenee  jiroduced  by  fric- 
tional, SO;  on  the  passage  of, 
through  liquids,  369,  518. 

Electrodynamic  measurements,  re- 
searches on,  1,  119. 

Electrolysis,  researches  on,  369,  518. 

Electromagnets,  on  the  demagneti- 
zation of,  475. 

Electromotive  force,  researches  on 
the,  in  the  contact  of  metals,  and 
on  the  modification  of  that  force  by 
heat,  81,  213,  264. 

Emsmann  (Dr.  H.)  on  a  collector 
for  frictional  electrical  machines, 
368. 

Encke's  comet,  on  the  spectrum  of, 
380  ;  on  the  telescopic  aj;pearance 
of,  390. 

Energy,  on  the  priuci[)le  of  the  con- 
servation of,  1,  119;  on  the  dissi- 
])ation  of,  338,  443. 

Fluoride  of  silver,  researches  on, 
382. 

Galvanic  coils,  on  the  directive  power 
of,  in  their  action  on  external  small 
magnets,  4/2. 

Galvanometer,  on  the  best  resistance 
of  the  coils  of  anv  diflferential, 
480. 

Gelatine  plates  (coloured)  as  objects 
for  the  spectroscoj)e,  on,  24(1. 


Geological  Society,  proceedings  of 
the,  75,  154,  234,  314,  543. 

Gernez  (D.)  on  the  absorption-s])ectra 
of  chlorine  and  chloride  of  iodine, 
318;  on  the  absorption-spectra  of 
the  vapours  of  selenium,  tellurium, 
protobromide  of  iodine,  and  aliza- 
rine,  4/3. 

Geyer  (W.  E.)  on  a  new  sensitive 
singing-flame,  478. 

Glaciers,  on  the  mechanical  impossi- 
bility of  the  descent  of,  by  their 
weight  only,  38,  104. 

Glaisher  (J.  W.  L.)  on  certain  por- 
tions of  Laplace's  proof  of  the  me- 
thod of  least  squares,  194  ;  on  the 
relations  between  the  j)articular 
integrals  in  Cayley's  solution  of 
Riccati's  equation,  433. 

Gordon  (J.  E.  H.)  on  a  new  anemo- 
meter for  indicating  and  registering 
the  force  and  direct'on  of  the  wind, 
32. 

Gore  (G.)  on  the  thermo-electric 
action  of  metals  and  liquids,  54  ; 
on  fluoride  of  silver,  382. 

Gripon  (E.)  on  the  transverse  vibra- 
tions of  wires  and  thin  plates,  79. 

Hall  (M.)  on  the  source  of  the  solar 
heat,  476. 

Heat,  on  the  modification  of  elec- 
tromotive force  by,  81,  213,  264  ; 
on  the  mechanical  theory  of,  106, 
338,  339,  443,  516;  on  the  disen- 
gagement of,  when  caoutchouc  is 
stretched,  157;  on  the  distribution 
of,  in  the  solar  system,  282 ;  on  the 
absolute  measure  of  surface-con- 
ductivity for,  392;  on  the  source  of 
the  solar,  476 ;  on  the  reflection  of, 
at  the  surface  of  polished  bodies, 
544. 

Heavenlv  bodies,  on  the  magnetic  re- 
lations of  the,  345,  446,  481. 

llornstein  (Prof.)  on  aperiodic  change 
of  the  elements  of  the  force  of  ter- 
restrial magnetism,  151. 

Iluggins  (Dr.  W.)  on  the  spectrum  of 
Eucke's  comet,  380 ;  on  the  tele- 
scopic appearance  of  Encke's  comet, 
390. 

Hull  (Prof.  E.)  on  a  remarkable  fault 
in  the  New  Red  Sandstone  of 
"Whistou,  Cheshire,  239. 

Hydrogen,  on  the  spectrum  of,  at  low- 
pressure,  155. 


550 


INDEX. 


Hygrometer,  on  a  new,  514,  538. 

llyperdistributives,  on,  300. 

Iodine,  on  thcabsorptiou-sj)ectrumof 
the  chloride  of,  318  ;  on  the  ab- 
sorption-spectrum of  the  vapour 
of  the  prutohromide  of,  -173. 

Ju])itcr,  on  the  mean  motion  of, 
320. 

Kirkwood  (Prof.  D.)  on  the  mean 
motions  of  Jii[)iter,  Saturn,  Uranus, 
and  Ne])tune,  320. 

Lamansky  (S.)  on  the  heat-spectrum 
of  the  sun  and  the  hme-light,  282, 

Light,  on  the  comjmted  lengths  of 
the  waves  of,  152;  on  the  theory 
of  the  aberration  of,  289  ;  on  a  sup- 
]ioscd  alteration  of  aberration  of, 
by  ])assing  through  a  refracting 
medium,  310;  on  an  anomalous 
dispersion  of,  2.95,  337 ;  on  the  re- 
flection and  refraction  of,  by  in- 
tensely opaque  matter,  321. 

Lightning,  on  the  influence  of  gas- 
and  water-pipes  in  determining  the 
direction  of  a  discharge  of,  1 15. 

Lime-light,  on  the  heat- spectrum  of 
the,  282. 

Liquids,  on  the  thermo-electric  action 
of,  5-1  ;  on  the  ])assage  of  electri- 
city through,  369,  518. 

Loewy(B.)on  some  recent  researches 
in  solar  ])hysics,  and  on  a  law  re- 
gulating the  time  of  duration  of 
the  sun-spot  period,  385. 

Lonimcl  (E.)  on  coloured  gelatine 
plates  as  objects  for  the  spectro- 
scope, 240, 

M'Farlane  (D.)  on  the  determination 
of  the  surface-conductivity  for  heat 
in  absolute  measure,  392. 

Magnetism,  on  a  jieriodic  change  of 
the  elements  of  the  force  of  terres- 
ti-ial,  151  ;  on  the  origin  of  the 
earth's,  and  the  magnetic  relations 
of  the  heavenly  bodies,  3-15,  44G, 
481 ;  on  the  hvdrodynamical  theory 
of,  401. 

]\lagncts,  on  llie  directive  power  of 
large  steel,  4]'^. 

l^Iahui.'i,  on  the  origin  of,  209. 

Matter,  on  the  constitution  of.  KJl; 
on  the  abrujit  change  at  l)oiling  or 
{•ondensing  in  reference  to  the  con- 
tinuity of  the  riuid  state  of,  22/, 

Maxwell  (Prof.  J.  C.)  on  the  indiic- 
ion  of  electric  currents  in  an  infi- 


nite plane  sheet  of  uniform  con- 
ductivity, 529. 

Mayer  (Prof.  A,  M.),  acoustical  expe- 
riments on  the  translation  of  a  vi- 
brating body,  278. 

Metals,  on  the  thermo-electric  action 
of,  54. 

Meteoric  irons,  on  some,  314. 

Meyer  (O.  E.)  on  anomalous  disper- 
sion of  light,  295,  337, 

Moon,  on  the,  seen  by  the  naked  eye, 
427. 

Moon  (R.)  on  a  simple  case  of  reso- 
nance, 99  ;  on  resonance  and  on  the 
change  of  phase  accompanying  re- 
flection, 201 ;  on  the  mode  in 
which  stringed  instruments  give 
rise  to  sonorous  undulations,  439. 

Moseley  (Canon)  on  the  mechanical 
impossibihty  of  the  descent  of  gla- 
ciers by  their  weight  only,  38. 

Multiple  battery,  on  a  mode  of  mea- 
suring the  internal  resistance  of  a, 
473, 

Neale  (E,  A^ansittart)  on  glaciei"-mo- 
tion,  104. 

Neptune,  on  the  mean  motion  of, 
320, 

Nordenskjold  (Prof.)  on  some  meteo- 
ric irons,  234,  314. 

Nuclei,  on  the  action  of,  in  separating 
gas  or  vapour  from  its  supersatu- 
rated solution,  205. 

Ozone,  anomalous  production  of, 
547. 

Pell  (Prof,  M,  B.)  on  the  constitu- 
tion of  matter,  161, 

Phosphorescence,  on  a  new  pheno- 
menon of,  produced  by  frictional 
electricity,  80, 

Planets,  on  the  spectroscopic  exami- 
nation of  the,  546. 

Plateau  (T.)  on  vapour-vesicles,  316. 

Quiucke  (G.)  on  electrolysis,  and  the 
])assage  of  electricity  through 
liquids,  369,  518. 

Rankine  (Prof.  W.  J.  M.)  on  actual 
energy,  160. 

Raynaud  (R.  M.  J.)  on  a  mode  of 
measuring  the  internal  resistance 
of  a  iniilti])le  battery,  473. 

Resonance,  on  a  simple  case  of,  99  ; 
observations  on,  201. 

Riccati's  equation,  on  the  relations 
lietween  the  particular  integrals  in 
Cayley's  solution  of,  433. 


I 


INDEX. 


.51 


Rotation,  on  a  new  method  of  mea- 
suring the  velocity  of,  398. 
Royal  Society,  proceedings  of  the,  54, 

151,  227,  310,  380,  472,  52.9. 
Saturn,  ou  the  mean  motion  of,  320. 
Schwendler  (L.)  on  the  best  resist- 
ance of  the  coils  of  any  differential 
galvanometer,  480. 
Seabroke  (G.  M.)  on  the  spectrum  of 

hydrogen  at  low  pressure,  155. 
Selenium,  on  the  absorption-spectrum 

of  the  vapour  of,  473. 
Sharpe  (S.)  on  the  moon  seen  by  the 

naked  eye,  427. 
Silver,  on  the  fluoride  of,  382. 
Singing-flame,  on   a  new   sensitive, 

478. 
Solar  heat,  on  the  source  of  the,  476. 

physics,  recent  researches  in, 

385. 
Solaro  (Rev.  P.  S.)  on  the  action  of 
nuclei  in  separating  gas  or  vapour 
from  their  supersaturated  solutions, 
205. 
Sound,  on  the  determination  of  the 

velocity  of,  153. 
Spectral  lines,  on  the  displacement  of 
the,  by  the  action  of  the  tempera- 
perature  of  the  prism,  239. 
Spectroscope,  on   a  new  reversion-, 
47  ;  on  coloured  gelatine  plates  as 
objects  for  the,  240. 
Squares,  on   Laplace's  proof  of  the 

method  of  least,  194. 
Stewart  (Prof.  B.)  on  some  recent  re- 
searches in  solar  physics,  and  on  a 
law  regulating  the  time  of  duration 
of  the  sun-spot  period,  385. 
Stone  (J.  E.)  on  the  determination  of 

the  velocity  of  light,  153. 
Stringed  instruments,  on  the  mode  in 
which  they  give  rise  to  sonorous  un- 
dulations, 439. 
Strutt  (Hon.  J.  W.)  on  the  reflection 
and  refraction  of  light  by  intensely 
opaque  matter,  321. 
Sun,  on  the   spectroscopic   observa- 
tion of  the  rotation  of  the,  47  ;  on 
an  explosion  on  the,  76 ;  on  the 
heat-s{)ectrum  of  the,  282. 
Sun-spot  period,  ou  a  law  regulating 

the  time  of  duration  of  the,  385. 

Szily  (C.)  on  Hamilton's  principle, 

and  the  second  proposition  of  the 

mechanical  theory  of  heat,  339. 

Tait  (Prof.  P.  G.)  on  the  dissipation 


of  energy,  338,  443;  on  the  his- 
tory of  the  second  law  of  thermo- 
dynamics, 516. 
Telegraph-wires,  on  testing  the  metal- 
resistance  of,  186. 
Tellurium,  onthe  absorption-spectrum 

of  the  vapour  of,  473. 
Thermodynamics,  on  the  history  of 

the  second  law  of,  516. 
Thermo-electric  battery,  on  a  liquid, 

71. 
Thermomagnetism,     researches     on, 

144. 
Thomson   (Prof.    J.)   on   the  abrupt 
change  at  boiling  or  condensing  in 
reference  to  the  continuity  of  the 
fluid  state  of  matter,  227. 
Tides,  on  the  theory  of  the,  20 ;  on 
the  mathematical  theory  of  atmo- 
spheric, 24. 
Tomlinson  (C.)  on  the  action  of  nuclei 
in  separating  gas  or  vapour  from 
its  superf.aturated  solution,  205. 
Uranus,  on  the  mean  motion  of,  320. 
Van  der  Mensbrugghe  (G.)  ou  a  re- 
markable fact  observed  on  the  con- 
tact of  certain  liquids  of  different 
superficial  tensions,  399. 
Vapour-vesicles,  experiments  in  re- 
ference   to    the    question    as   to, 
316. 
Vaughan  (D.)  on  the  origin  of  ma- 
laria, 209. 
Villari  (Prof.  E.)  on  the  disengage- 
ment of  heat  when  caoutchouc  is 
stretched,  15/. 
Vision,  on  recurrent,  343. 
Wanklyn  (J.  A.)   on  water-analysis 

and  water,  525. 
Water-analysis  and  water,  on,  525. 
Weber  (Prof.  W.)  on  electrodynamic 

measurements,  1,  119. 
Whitehouse   (W.)  on  a  new  hygro- 
meter, 538. 
Wilde  (H.)  on  the  influence  of  gas- 
and  water-pipes  in  determining  the 
direction  of  a  dischargeof  lightning, 
115. 
Willson  (R.  W.)  on  the  demagnetiza- 
tion of  electromagnets,  475. 
Wind,  on  a  new  anemometer  for  in- 
dicating and  registering  the  force 
and  direction  of  the,  32. 
Winter  (G.  K.)  on  testhig  the  metal- 
resistance    of    telegraph-wires    or 
cables  influenced  by  eavth-currents, 


552 


I  N  D  E  X. 


\SG ;  on  the  corona  seen  diuin;^ 
the  echpse  of  Dec.  11th  and  12tli, 
18"!.  191  ;  on  signiils  observed  in 
a  wire  joining  the  earth-plates 
in  the  neighbourhood  of  a  third 
earth-plate  used  for  a  tclcgra{)hic 
circuit,  -3S. 

Wires  and  thin  plates,  on  the  trans- 
verse vibrations  of,  /•''• 

Wright  (Dr.  C.  11.  A.)  on  the  rela- 
tions between  tlie  atomic  hypothe- 
sis and  the  condensed  symbolic  ex- 


pressions of  chemical  facts.  2-11, 
.503. 

Young  (Prof.  C  A.)  on  an  exidosion 
on  the  sun,  7(J ;  on  recurrent 
vision,  .'343. 

Zollner  (F.)  on  the  spectroscopic  ob- 
servation of  the  rotation  of  the  sun. 
and  on  a  new  reversion-spectro- 
scope, 47 ;  on  the  origin  of  the 
earth's  magnetism,  and  the  mag- 
netic relations  of  the  heavenlv 
bodies,  345,  446,  4S1. 


END  OF  THE  FORTY-THIRD  VOLUME. 


PRINXED   liY  TAYLOR   AND   TRANCIS, 
RED  LION  COLUT,  rLKET  STKttT. 


M 


QC 
1 

P4 
ser.4. 

Physical  & 
Applied  Sci. 
Serials 


The  Philosophical  magazine 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


STORAGE 


J  Ifvf  > 


JJ9  '1    > 


T  if  •  >  \ 


>5&  »  1  =1  • 


>  1>T>       > 


>    5>    v..>     -fc-N-a 


^^iP^^ 


f^^  ^ 
.3^  >' 
^  ^ 


i  4! 


V^">^^^f^>J:,.     '^. 


MJi 


CiVi-sf 


»3)  Ji    ^  >> 


* 


•1     IV         ' 


